—~ 


Es Site bie) 
os 


ee 


: 
Tiziie 


3, 


iseetserscae 


ean 
raed 


vy 


f 
\ 
Miata 
al 
i 


astra) 


= = SoSSepSaoseeses: 
Serene Seestaressecs 


a 
at 
te 
i 


= 


t 
if 


i 
feta 
j ie i iv, 
iain 
a) 
Hs 


i 
i 


Mt 
i 


iba 
ily 


te 


at ae 


j 


Feit $4 
f 
Eth 


tee 


Re 
ye 


inh 


tient 


peepee: Soessees = a 
- Seele ets ar Sak : xs SSE ayers oe ers Fas ex 


SASS 


oe 


rere 
STFA 


e73 


q 
ne 


y 
ng 


S=s2 =< SS = 5 : = ese ts ey 
5 : AS = = =s~ 


a) 


- SSS SS 


vPALEONTOLOGY ANS STRATIGRAPHY BRANCH” 


Wh au 


a 
“ye ! ni j 
LM lee 


i 


MERRIAM AND STOCK FRONTISPIECE 


HELIOTYPE CO, BOSTON SMILODON CALIFORNICUS 


SKULL AND MANDIBLE, NO. 2001-2; X A 2 
LOS ANGELES MUSEUM COLLECTION. RANCHO LA BREA PLEISTOCENE 


VPA THE FELIDA OF RANCHO LA BREA 


BY 


JOHN C. MERRIAM 


CUES INAR SIKOCKS 


PUBLISHED BY 
CARNEGIE INSTITUTION OF WASHINGTON 


December, 1932 


‘Ue. S- GEOLOGICAL SURVEY 


Bea 
Foe 


CARNEGIE INSTITUTION OF WASHINGTON 
PUBLICATION No. 422 


PRESS OF 
W. F. ROBERTS COMPANY 
LANMAN ENGRAVING COMPANY 


HELIOTYPE COMPANY 


CONTENTS 


PAGE 
TEHRPARS EX OVDY OK OMA COST, sc a ce cre ne ee i vioniel Rese, See 3 
Acknowledgments om 4 
Review of Literature on Pleistocene and Late Tertiary Cats of Western North Ameriea......................... 5 
Sheer atrorantl (CRBS cco eceestteen onesie eneacensocetece ete eS Pa RE ORO rE 5 
CUNY U1 RR Gs 21 GS fame ear URES Ped na pe 6 
Pleistocene sabre-tooth Cats of North America aS. 
OCCULTEETICCMO fae ELC 11 Gms) MBE ENING 110 ae 1 ES 15 C2 eee 17 
Habit and Habitat of Smilodon and of Felis atrox as Suggested by Occurrence at Rancho La Brea 21 
Classification and Relationships of the Felide from the Asphalt..c.cccccccccccccsesssssssesssessssessiissessinessesecesee 27 
TTT OGL OTL GLTASO MRC Lemme ES 171 C11 0 Wane Ll ca IST ca terre rE 7a ee ee tee ne ees bec 28 
GHAEACCCESHO HRCI OM GC TI UTS iatS 11011 0 Cl 0 1) eee nnn nn cee 28 
Cyargutlavskaral COSWEHR OW RrUV EIS) VEXONGET RO ces epesceri esc ore rer UP Pare ich eee 29 
SITY: cccus sass xcectcrt sah ya tsb tei Sc a i eo RR one ER 29 
TERME Web ae)— TEASER OY a eee Seren rg rte Re Te mPa 35 
TEROV ET TOWTIEY cece eects cece er eR Ra eo eS 36 
Taree eye een eu eand CRE coe ey eR rr 38 
STVITESTT Gk | cme eee ener eee ane NPE ee Ah ne ete ee ate seh Seaiate ee ren Ne ee 41 
TE eeoaa |. ANS a ORE TERENCE re a ere oe 45 
TD YGSSUHBV OSA). esasabossaensececrasmelees te aenss oer epee eee an Ee 45 
Superior Dentition nce Ce ee a ne Rene ea 45 
Inferior Dentition......... 0) 
IVs eam 19) 172 Gi t;10 1a ener mete nano Pa urea RI Ne Pn ON Pea Oe ne ese eee he as 53 

Notes on Skulls of Smilodon with Deciduous Canines Present or with Permanent Canines 
TERETE? TOV TaN ERTL scenes eeese teste ee eras ect een ee a Pee Ree eee re 55 
Comparative Study of Vertebral Column and Limbs of Smilodon and Felis atvOX ooeccoocomeounenn 60 
AVE 1; Ce bo reall ime © © lea Tri rueemmemereeceeeee treme eaten een ey A NE A Det 2 Rr ee ec) ee ae oe 60 
Wrerstel calle) Orr 711] cieeeees eee ere rere nent Ut uN eee oe Sn ee ee 60 
(Cereal. SYST seca stan sth a ae kat a 0 nea SN 20 OP pie pete SRR CO RnR Oe Oo SINR os EE Se ee Ee 61 
INTREST a UP a ene 62 
ASS pa ea a URES vate ee re ee ea UE A gi ean ee ais Ad aE Be iano ake a laccenloin at tah 64 
Ty hii7 Clem © lav CNL MMRV LET: CO b Wren waren caste ee Ue EA Cert ae eerie SN tle ete Nach ea ee Ayo ee 66 
VENGADREEL oy CASAL YSIS OW ea ee eee OS er 67 
pide hie © Cvavil Calm Ge LC lo Leverett rere ree We Ot Meat cul Rel cha Ane eee le lt ae ree 69 
SixthmCenvicallamvier.te by aes eet eee eerie ne ene Sei er eh en Shonen Seas eee Ne, cm OD 
SeventhmCenvicalamviericeb ia ceeaemneen tacit nee een ee oe ee ie eee 73 
FLVETO 1221.21 CHS © IE] CS eee te eRe econo ne a ee NOs eee alte ed oe ee Re) AD ee Meera ee UY 
HES Gael Rac CABVAC ISG 1a ements ee ee he ee Pee Wee ee ee ee ee a ee lis 
Second Thoracic Vertebra........ =e MD 
Eleventh Thoracic Vertebra.... 85 
Twelfth Thoracic Vertebra......... wm oS 
uhinteen thie NOLACI CimVET LED Lacie eee e a mene te meee as eee ae Se DEE a eee nee 89 
JUAUEBAI DEE” “[SVETEN GIS essere eet Saeatpecpee eee e t ao a Rare gO eR ee ed eee 91 
STC Ble UM asm Vie TCG by ree eee et eee ec ee ea Re ea eee eee et oe 94 
Seventhwe le um bara vVier.te bia wemetnene tee towne tee aie eek Pee ae el eA ee en 2G io ae 96 
S 21 CIRULTY eee eee eee een ce See ronen oc eB ee OPA Ser 1S Se hen Rew te eh cs aS i eee A BN eee 8 ee 99 
(GROIN | SYST EES ee cea reece gat me co Ede ey ee 102 
TVS 111177 eee ee T eT Rein RPE Mu Racer ern ie, a rear MN SER CARS eM bale a 103 
IFES OS CETETI U1 tae eran en Le ean eRe ee a See te an LOE 
Xiphisternum _......... sac cee eee Roe Po 106 
IRA DSR eee eee am 107 
Claviele ..... on OE 
PSK E, cee cece mr gree eR .. L108 
Comparison: of Lengths of Limb Hlement.....cccccccscssssssssssssssssssssssssssssesssssiesesssessssesieees pe eeints an dal® 
TE UO RRSP ENS) cis cis IN Ne aR nS Oe 111 
UVR ee penis nearer ee tice mee era ee 115 
TEEN CLUS Sapemeneree tear ceeet ett nL MOS Ose uae ec CI ere et est ee a 116 
SHC SLOVO TRUDD ANE > coerce ati roared het eens a ete Mane Sl eR I Lal 
Cuneiform. ............... _ 1g) 
E-TASTU SSS zyrtec een eee eee ee 119 
ARTES SPANNED sac oc mt ceed ee ea ec gt a 120 
ira CZO1d eee pelo 2 
Magnum. ........ eo 
Win CO 7:17 eee ee ee oe Se eee et. te ee ly ee sa Ree 124 
Metacarpal Series... . 126 
VIG CAC 2151 2 a Liew enn eet mens Mee ee eee ea ate te cotta 126 


lv CONTENTS 


PAGE 

Metacarr pall!) 00 ji 2cscpecciecd sete cate cane oie ane eR ee ee ee 128 

Metacarpal III =e Pn on rd ates a Rita Doan gens eae oe ee 129 

Metacarpal IV om dlgsil 

Metacarpall Ves. 3 ee eee 134 
ID eae Il, IP rRORaTNEYL LNA TIO cccconanrtcomocmnrccre ee ieee Ee A eee .. 135 
innominate boner eee Pee erie ee A i ent Dae .. 185 
eM Ue eee ee eres Seaereeer 2 Sec er Car EEE PPE Pe ESSELTE potter einerteeom 137 
Pa Gel] yee cee teenth ee ee TEES chee ives ee dfn ne LR ee 138 
Sesamoids _......... etek are i felccaae St es rc area tere Ne Mien art A sco eee 138 

Fabella _........ Seis cet he ie eee .. 138 

Phalangeal Sesamoids .. wciB San A eR A Ur end are Foal = J trae Nea Oe 139 
STi Dales een ce eee ees am ag) 
TE ONEV ED, ccemeerencescee .. 140 
Astragalus ..... .. 142 
(OF cheNs 0210) 00 peer reer te ee APE ers eo .. 143 
Entocuneiform  ..... eR ae ie a A a iseceenoniaies 143 
MISS OG UNVEIL OTT ee oe ee 146 
FE CEOC UVC Tih OITNNS yates eee ec ae Pe .. L&T 
Cuboidiieee== Sea ei eee ee rN einai ne .. 148 
DANE CUE See eee a re a 5 (0) 
Metatarsal Series 2.0... ae xn IBY 

Rudimentary Metatarsal Toe UR ae oc he ao ene 

Metatarsal II... d 

Metatarsal III... 

Metatarsal IV..... 

Metatarsal V........... 
Phalangies) 2.1.2 eee oe een See 

Smilodon ecalifornicus brevipes, n. var. : 

Reh st saGRo xa lie iy eevee ect eames eee eee eee oe treretre es ie ose, ea CS AN oa ee gee 
Stacusmote lel diygSmSDECCLES MHC LIS Mer C1s1c) 1 Semen see 165 
Companisonawithwebypemsopecinenmo te Heli Sia GO x eee 167 
Sika \ getcected oe es $M ence artful Rt tte The ins Oat Looe hf ae ca en OE a 168 
Endocranial Cast... wm LY 
Mandible  ......... a rar ee RRR CL Eg SPER a hetecrciadetesh ececdicepvonvece eh Sead dae eee ea eed 175 
TD GTC IE1O Tiesto ocl. ENeee aeeNe Se nA oe owner ae net ears Se ee ee Ae aoe ee ‘nhs excreted es alee hoa eae Teme 176 

SUPELIOV: AD SMG GLO ae eee ee earch eentr eet en Ae ea 176 
Inferior Dentition .0...... Fe aS ee SATS ESN acre ree 178 
Lower Milk Dentition........ er a ee ee RA oP teenth entered 179 
Relationship of Felis atrox to the Large Living Felines of the Old Worldijze.2e-ce eee ee 180 
Comparison of the Large Extinct Cats of North America and Hurasia occ 190 
Relationship moimeuelismacLoxqacOMmUNem a2 a1 es 195 

Smallersi@ats of ithe GeneragWelistand i liymixene ec ee 199 
Comparison of Skull and Dentition of Puma and Jaguar cal es 
BH eliSmG ae. GG ity Vlei 151 e111 eee 
Felis bituminosa, n. sp.. : 

Lynx rufa fischeri Merriam ; 

Occurrence and Description of Pleistocene Felide in Western North America ooiicccccccccscsssssscsssseneeee 224 

Pacific..Coast, Province ses. eet ee ene eee ee eee ee ee 224 


Great Basin Province : eek Eee ry 
AGICOT A GUT Cie foe ee ee ene oe een a ae ee cathe oee ccnaet apart Oe Ne: fa ergo oly Set ee 228 


ILLUSTRATIONS 


FRONTISPIECE 


Smilodon californicus Bovard 


Skull and mandible, No. 2001-2; lateral view; x 1/2. Los Angeles Museum Collection. Rancho La 
Brea Pleistocene. 


PLATE 1 
Snulodon californicus Bovard 
Fic. 1, skull and mandible, No. 2001-1, lateral view; x 1/3. 


Fics. 2 and 8, skull No. 2001-1. Fic. 2, dorsal view; Fic. 3, ventral view; x 1/8. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 2 
Smilodon californicus Bovard 

Figs. 1 and 2, skull, No. 2001-1. Fic. 1, lateral view with portion of zygomatic arch removed to show 

infraorbital region; FIG. 2, posterior view; x 1/3. 
Fic. 3, skull and mandible, No. 2001-1, anterior view; x 1/3. 
Fias. 4 and 5, mandible, No. 2002-1. Fic. 4, dorsal view; Fic. 5, lateral view; x 1/3. 
Fic. 6, mandible, No. 2002-R-684, inner view; x 1/3. 

Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 3 
Smilodon californicus Bovard 
Smallest and one of the larger skulls of adult individuals, Nos. 2001-148, 2001-225. Fias. 1 and 7, 


ventral views; Fics. 2 and 5, anterior views; Fics. 3 and 6, dorsal views; Fics. 4 and 8, 
lateral views; <x 2/9. Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 4 
Similodon californicus Bovard 
Fics. 1-10, series of lower jaws including young and adult individuals showing variation in size, NOs. 
2002-L—4, R-4, R-68, R-6, R—781, R-10, R-496, R-14, R-16 and R-15, incl. All specimens 
in lateral view; « 1/2. Specimens shown in F1@s. 1 to 7 possess milk teeth. Permanent 
dentition shown in Fics. 8 to 10. Los Angeles Museum Collection. Rancho La Brea 
Pleistocene. 


PLATE 5 
Smilodon californicus Bovard 
Skull, No. 2001-10. Fic. 1, lateral view; Fic. 2, anterior view; Fic. 3, dorsal view; Fic. 4, ventral 
view; < 2/5. The crowns of the permanent canine teeth are appearing along the inner 
sides of the deciduous canines. Los Angeles Museum Collection. Rancho La Brea Pleis- 
tocene. 
PLATE 6 
Smilodon californicus Bovard 
Figs. 1, 2, 3, and 4, skull, No. 2001-9. Fic. 1, lateral view; FIG. 2, anterior view; Fic. 3, dorsal view; 
Fic. 4, ventral view; x 2/5. Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
PLATE 7 
Smilodon californicus Bovard 
Skull, No. 2001-7. Fic. 1, lateral view; Fic. 2, anterior view; Fic. 3, dorsal view; Fic. 4, ventral view; 
x 2/5. Note presence of deciduous and permanent canine teeth on left side. Los Angeles 
Museum Collection. Rancho La Brea Pleistocene. 
PLATE 8 
Smilodon californicus Bovard 
Skull, No. 2001-8. Fic. 1, lateral view; Fic. 2, anterior view; Fic. 3, dorsal view; Fic. 4, ventral 
view; x 2/5. Note partial emergence of permanent canine teeth. Los Angeles Museum 
Collection. Rancho La Brea Pleistocene. 
PLATE 9 
Smilodon californicus Bovard 


Skull, No. 2001-6. Fic. 1, lateral view; Fic. 2, anterior view; Fic. 3, dorsal view; Fic. 4, ventral view; 
x 2/5. Permanent canine teeth have not fully emerged in this specimen. Los Angeles 
Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 10 
Smilodon californicus Bovard 
Skull, No. 2001-19. Fic. 1, lateral view; Fic. 2, anterior view; FG. 3, dorsal view; Fic. 4, ventral 


view; x 1/3. Note broken surfaces of canine teeth which were worn during life of indi- 
vidual. Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 11 
Smilodon floridanus (Leidy) 


Type specimen, skull, No. 4072, Wagner Free Institute of Science Collection. Fic. 1, ventral view; 
Fig. 2, lateral view; x 3/5. Pleistocene, Ocala, Marion Co., Florida. 


PLATE 12 
Smilodon californicus Bovard 


Fics. 1, 2 and 8, permanent and deciduous canines. Fic. 1, right canine, anterior, inner, outer and 
posterior views with cross-sections; Fic. 2, portion of crown of canine with anterior and 
posterior serrations somewhat magnified; Fic. 3, right deciduous canine, same views as 
in Fig. 1; x 1/2. Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 13 
Smilodon californicus Bovard 


Upper and lower teeth. Fics. 1-la, P4, outer and inner views; FIGs. 2—2a, P3, inner and outer views; 
Fias. 3-3a, Fics. 4—4a, M1, P4 respectively, outer and inner views; Fics. 5—5a, Fics. 6—6a, 
Fics. 7—7a, Il, 2, 3 respectively, inner and posterior views; Fics. 8-8a, lower canine, inner 
and posterior views; Fics. 9-9a, Fics. 10-10a, Fics. 11—lla, Il, 2, 3 respectively, outer 
and posterior views; X 1. Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 14 
Felis atrox Leidy 


Fics. 1, 2 and 3, endocranial cast of skull No. 2900-1. Fic. 1, dorsal view; Fic. 2, lateral view; Fic. 3, 
ventral view; x< 2/3. 


Smilodon californicus Bovard 


Fics. 4, 5 and 6, endocranial cast of skull No. 2001-199. Fic. 4, dorsal view; Fic. 5, lateral view; 
Fic. 6, ventral view; x 2/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 15 
Smilodon californicus Bovard 


Fic. 1, left ear region of skull cut in transverse sections a, b, c, d. Sections a’, b’, ce’ viewed from 
posterior side; section d’ viewed from anterior side; pg.p., post-glenoid process; m.p., 
mastoid process; e.c., eustachian canal; f.r., foramen rotundum; f.o., foramen ovale; 
s.f., stylomastoid foramen; t-hy., tympanohyal pit; ¢.c., carotid canal; f.l.p., posterior 
lacerate foramen; c.f., condylar foramen; pa.p., paroccipital process; i.c., inner tympanic 
chamber; s., septum separating outer tympanic chamber from inner; e.a.m., external 
auditory meatus; bo., basioccipital; i.a.m., internal auditory meatus; fe.r., fenestra rotunda; 
pet., petrosal; x 3/4. 

Fic. 2, three views of left incus; x 3. 

Fic. 3, three views of left malleus; x 3. 

Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 16 
Smilodon californicus Bovard 


Fics. 1 and 2, cervical vertebre, lateral and dorsal views; x 1/3. These vertebre are not all of the 
same individual. 


Felis atrox Leidy 


Fics. 3 and 4, cervical vertebre, lateral and dorsal views; « 1/3. Cervicals III-VI are of one individual. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 17 
Smilodon californicus Bovard 
Fias. 1, 2 and 3, axis, No. 2039-1. Fic. 1, dorsal view; Fic. 2, posterior view; Fic. 38, lateral view; x 1/2. 
Fics. 4, 5, 6 and 7, atlas, No. 2038-5. Fic. 4, dorsal view; Fic. 5, anterior view; FIG. 6, posterior view; 


Fic. 7, ventral view; x 1/2. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 18 
Smilodon californicus Bovard 


Fics. 1 and 2, thoracic vertebre, lateral and dorsal views; x 1/3. a’, thirteenth vertebra, No. 2057-12; 
b’, twelfth vertebra, No. 2056-13; ¢’, eleventh vertebra, No. 2055-12; d’, seventh vertebra, 
No. 2051-2; e’, first vertebra, No. 2045-11; anterior views; x 4/9. Los Angeles Museum 
Collection. Rancho La Brea Pleistocene. 


PLATE 19 
Smilodon californicus Bovard 


Fics. 1 and 2, vertebral series from eighth thoracic to last sacral, incl., lateral and dorsal views; x 1/3. 
a’, seventh lumbar vertebra, No. 2064-12; b’, fourth lumbar vertebra, No. 2061-1; ¢’, first 
lumbar vertebra, No. 2058-1; d’, thirteenth thoracic vertebra, No. 2057-11; e’, twelfth 
thoracic vertebra, No. 2056-12; f’, eleventh thoracic vertebra, No. 2055-11; 9’, eighth 
thoracic vertebra, No. 2052-2; anterior views; x 4/9. Los Angeles Museum Collection. 
Rancho La Brea Pleistocene. 


PLATE 20 
Smlodon californicus Bovard and Felis atrox Leidy 


Fics. 1-7, Smilodon californicus Bovard; Fics. 8-18, Felis atrow Leidy; right ribs. Fics. 1, la and 
Fics. 8, 8a, first rib; Fies. 2, 9, second rib; Fics. 3-7, Fics. 10-13, ribs posterior to the 
second; x 4/9. Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 21 


Smilodon californicus Bovard 
Fics. 1, la, right scapula, No. 2004—R-—10, lateral view and view of articulating end; x 1/3. 
Fics. 2, 3, 4 and 5, right humerus, No. 2005-R-6. Fics. 2, inner view; Fic. 3, outer view; Fia. 4, 
posterior view; Fic. 5, proximal, anterior and distal views; x 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 22 
Smilodon californicus Bovard 

Figs. 1, 2 and 3, right ulna, No. 2007—-R-6. Fic. 1, radial view; Fic. 2, inner view; FIG. 3, anterior 

view; X 1/38. 
Fics. 4 and 5, right radius, No. 2006-R—5. Fic. 4, ulnar view; Fic. 5, proximal, outer and distal views: 

x 1/38. 
Fic. 6, right manus, dorsal view; x 1/3. 

Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 23 
Smilodon californicus Bovard 
Fics. 1 and 2, right femur, No. 2009-R-11. Fic. 1, anterior view; Fic. 2, proximal, posterior and 
distal views; x 1/3. 
Fias. 8, 4, 5 and 6, right tibia, No. 2010-R-5. Fic. 8, inner view; Fic. 4, outer view; Fic. 5, posterior 
view; Fic. 6, proximal, anterior and distal views; x 1/3. 
Fic. 7, right patella, No. 2012—R-3, anterior and femoral views, and outline of lateral view; x 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 24 
Smilodon californicus Bovard 


Figs. 1 and 2, pelvis, No. 2008-7. Fic. 1, lateral view; Fic. 2, dorsal view; x 1/3. 
Fic. 3, right pes, dorsal view; x 1/3. 
Fic. 4, right fibula, No. 2011—R-1, outer, anterior and inner views; x 1/3. 

Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 25 
Smilodon californicus Bovard 


Mounted skeleton, viewed from right side; approx. x 1/8. Los Angeles Museum Collection. Pre- 
pared by J. W. Lytle. Photograph by L. E. Wyman. Courtesy of Los Angeles Museum. 
Rancho la Brea Pleistocene. 


PLATE 26 
Felis atrox Leidy 
Fig. 1, skull and mandible, No. 20049, lateral view; x 1/3. 


Fies. 2 and 8, skull, No. 20049. Fic. 2, dorsal view; Fic. 3, ventral view; x 1/3. 
University of California Collection. Rancho La Brea Pleistocene. 
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PLATE 27 

Felis atrox Leidy 

Fics. 1 and 2, skull, No. 20049. Fic. 1, lateral view with portion of zygomatic arch removed to show 
infraorbital region; FIG. 2, posterior view; x 1/3. 
Fic. 3, skull and mandible, No. 20049, anterior view; x 1/3. 
Fics. 4 and 5, mandible, No. 20049. Fic. 4, dorsal view; Fic. 5, lateral view; x 1/3. 
Fig. 6, mandible, No. 2901—4, inner view; x 1/3. 
No. 20049, University of California Collection. Rancho La Brea Pleistocene. 


PLATE 28 
Felis atrow Leidy 
Skull, No. 2900-6. Fic. 1, lateral view; FIG. 2, posterior view; Fic. 3, ventral view; Fic. 4, anterior 
view; Fic. 5, dorsal view; x 1/4. Skulls shown on this and on the three plates that 
follow represent individuals differing in age and sex. Los Angeles Museum Collection. 
Rancho La Brea Pleistocene. 


PLATE 29 
Felis atrow Leidy 


Skull, No. 2900-7. Fig. 1, lateral view; FIG. 2, posterior view; Fic. 3, ventral view; Fic. 4, anterior 
view; Fic. 5, dorsal view; x 1/4. Los Angeles Museum Collection. Rancho La Brea 
Pleistocene. (See note Plate 28.) 


PLATE 30 
Felis atrox Leidy 
Skull, No. 2900-9. Fic. 1, lateral view; Fic. 2, posterior view; Fic. 3, ventral view; Fic. 4, anterior 


view; Fic. 5, dorsal view; x 1/4. Los Angeles Museum Collection. Rancho La Brea 
Pleistocene. (See note Plate 28.) 


PLATE 31 
Felis atrox Leidy 
Skull, No. 2900-3. Fic. 1, lateral view; Fic. 2, posterior view; FIG. 3, ventral view; Fic. 4, anterior 
view; Fic. 5, dorsal view; x 1/4. Los Angeles Museum Collection. Rancho La Brea 
Pleistocene. (See note Plate 28.) 


PLATE 32 
Felis atrox Leidy 

Fics. 1—5, series of lower jaws including young and adult individuals showing variation in size and 

shape, Nos. 2901-6, —5, —21, —3, —22, incl.; all specimens x 1/3. Milk teeth present in 

No. 2901-22. 
Fics. 6-6’, lower canine, inner and posterior views; xX 2/3. 
Fics. 7-7’, upper canine, inner and posterior views; x 2/3. 

Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 33 
Felis atrox Leidy 


Upper and lower teeth. Fics. 1-la, P4, outer and inner views; Fics. 2—2a, P3, outer and inner views; 
Fics. 3-3a, Fics. 44a, Fics. 5-5a, Il, 2, 3 respectively, outer and posterior views; 
Fics. 6-6a, Fices. 7—7a, Fics. 8-8a, M1, P4, P3 respectively, outer and inner views; 
Fics. 9-9a, Figs. 10-10a, Fics. 11-lla, Il, 2, 3 respectively, inner and posterior views; 


x 1. Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 34 
Felis atrox Leidy 


Fics. 1, 2 and 3, axis, No. 2937-7. Fic. 1, dorsal view; FIG. 2, posterior view; Fic. 3, lateral view; x 1/2. 
Fics. 4, 5, 6 and 7, atlas, No. 2936-1. Fic. 4, anterior view; Fia. 5, dorsal view; Fic. 6, ventral view; 
Fic. 7, posterior view; x 1/2. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 35 
Felis atrow Leidy 

Fic. 1, sacrum, No. 2963-2, lateral view; x 1/3. 
Fics. 2 and 3, lumbar vertebre, lateral and dorsal views; x 1/3. a’, seventh vertebra, No. 2962-11; 

b’, fourth vertebra, No. 2959-2; c’, first vertebra, No. 2956-2; anterior views; x 1/3. 
Fics. 4 and 5, thirteenth thoracic vertebra, No. 2955-11, and twelfth thoracic vertebra, No. 2954-12, 

lateral and dorsal views; x 1/3. 

Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 386 
Felis atrox Leidy 
Fic. 1, right scapula, No. 2902—R-—1, lateral view and view of articulating end; x 1/3. 
Figs. 2, 3, 4 and 5, right humerus, No. 2903—-R-8. Fic. 2, inner view; Fic. 3, outer view; Fic. 4, 
posterior view; Fic. 5, proximal, anterior and distal views; x 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 37 
Felis atrox Leidy 

Figs. 1, 2 and 3, right ulna, No. 2905-R-8. Fic. 1, radial view; Fic. 2, inner view; Fic. 3, anterior 

view; X 1/3. 
Figs. 4 and 5, right radius, No. 2904—R-7. Fic. 4, ulnar view; Fic. 5, proximal, outer and distal views; 

< Ie 
Fic. 6, right manus, dorsal view x 1/3. 

Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 38 
Felis atrox Leidy 
Fics. 1 and 2, right femur, No. 2907-R-11. Fic. 1, anterior view; Fic. 2, proximal, posterior and 
distal views; x 1/3. 
Figs. 3, 4, 5 and 6, right tibia, No. 2908-R-10. Fic. 3, inner view; Fic. 4, outer view; Fic. 5, posterior 
view; Fic. 6, proximal, anterior and distal views; x 1/3. 
Fic. 7, right patella, No. 2910—R-1, anterior and femoral views, and outline of lateral view; x 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 39 
Felis atrox Leidy 
Figs. 1 and 2, pelvis, No. 2906-1. Fic. 1, lateral view; FIc. 2, dorsal view; x 1/8. 
Fic. 3, right pes, dorsal view; x 1/3. 
Figs. 4a, 4b and 4c, right fibula, No. 2909-R-1. Fic. 4a, outer view; Fic. 4b, inner view; Fic. 4c, 
anterior view; x 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 40 
Felis atrox Leidy 
Mounted skeleton, viewed from right side; approx. x 1/9. Los Angeles Museum Collection. Pre- 
pared by J. W. Lytle. Photograph by L. E. Wyman. Courtesy of Los Angeles Museum. 
Rancho La Brea Pleistocene. 


PLATE 41 
Felis bituminosa, n. sp. 


Holotype, skull, No. X8628. Fic. 1, lateral view of skull and jaw; Fic. 2, dorsal view; Fic. 3, ventral 
view; xX 1/2. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


PLATE 42 
Felis and Lynw 


Figs. 1, 2 and 3, Lynw rufa fischeri Merriam, skull, No. X9489, dorsal, ventral and lateral views; « 1/2. 
Fic. 4, Lyn« rufa fischeri Merriam, type specimen, ramus of mandible, No. 11283, Univ. Calif. Coll., 
lateral view; x 1/2. 
Fig. 5, Felis ef. bituminosa, n. sp., ramus of mandible, No. X9474, lateral view; x 1/2. 
Fic. 6, Felis daggetti Merriam, type specimen, No. 21572, Univ. Calif. Coll., lateral view; x 1/2. 
Fic. 7, Lynx rufa fischeri Merriam, ramus of mandible, No. X9490, lateral view; x 1/2. 
Figs. 8 and 9, Felis bituminosa, n. sp., skull, No. X8629, dorsal and ventral views; x 1/2. 
Los Angeles Museum and University of California Collections. Rancho La Brea Pleistocene. 
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. 1. Topographic map of Rancho La Brea showing location of principal excavations of the Los 
Angeles Museum and University of California. 


. 2. Diagram showing relative number of individuals in the mammalian families (except rodents, 
lagomorphs, insectivores and bats) occurring in the Rancho La Brea Pleistocene fauna. Repre- 
sentation of the Felide is exceeded only by that of the Canide. 

. 3. Comparative study of head in (A) sabxe-tooth:cat (Smilodon californicus Bovard) and (B) great 
true cat (Felis atrox Leidy). Anterior views, greatly reduced and not to same scale. Restorations 
by Charles R. Knight under direction of J. C., Merriam. 

4. Comparative study of head in (A) sabre-tooth eat (Smilodon californicus Bovard) and (B) great 
true cat (Felis atrow Leidy). Lateral views, greatly reduced and not to same scale. Restora- 
tions by Charles R. Knight under direction of J. C. Merriam. 


5. Comparative study of (A) sabre-tooth eat (Smilodon californicus Bovard), approx. « 1/13, and 
(B) great true cat (Felis atrow Leidy), approx. x 1/12. Restorations by Charles R. Knight under 
direction of J. C. Merriam. 


6. Snrilodon californicus Bovard. Skull, A, dorsal view; B, ventral view. Several sutures repro- 
duced from considerably younger skulls than that shown. pm, premaxillary; n, nasal; mw, max- 
illary; la, lachrymal; ma, malar; f7, frontal; sq, squamosal; pa, parietal; so, supraoccipital; 
pl, palatine; pt, pterygoid; vo, vomer; ps, presphenoid; bs, basisphenoid; bo, basioccipital; as, alis- 
phenoid; mt, mastoid; ty, tympanic; eo, exoccipital. Rancho La Brea Pleistocene. 

7. Smilodon californicus Bovard. Lateral view of skull and view of infraorbital region with 
portion of zygomatic arch removed. os, orbitosphenoid; pmxw, premaxillary; n, nasal; mx, maxil- 
lary; la, lachrymal; ma, malar; fr, frontal; sq, squamosal; pa, parietal; so, supraoccipital; pl, 
palatine; as, alisphenoid: mt, mastoid; eo, exoccipital. Rancho La Brea Pleistocene. 

8. View of occiput; « 1/3. A, Smilodon californicus Bovard, No. 2001-225; B, Felis atrow Leidy, 
No. 2900-9. m.p, mastoid process; pa.p, paroccipital process; pg.p., postglenoid process; t.b., 
tympanic bulla. The posterior processes and tympanic bulla are incomplete on the left side of the 
skull of Felis atrow. Rancho La Brea Pleistocene. 


9. Comparative views of skulls of sabre-tooth cat and true cat. A, C, superior view of muzzle B, D, 
anterior view; * 1/4. A, B, Smilodon californicus Bovard, No. 2001-225; C, D, Felis atrow Leidy, 
No. 2900-9. Rancho La Brea Pleistocene. 


10. Smilodon californicus Bovard. Vertical longitudinal section of skull, No. 2001-273; »« 2/5. 
n, nasal; fr, frontal; s, frontal sinus; pa, parietal; so, supraoccipital; ten., cut edge of tentorium; 
bo, basioccipital; pet, petrosal; bs, basisphenoid; ps, presphenoid; ty, tympanic; pt. pterygoid; 
pl, palatine; pmx, premaxillary; mat, maxilloturbinal; et, ethmoturbinals; ms, mesethmoid; 
st, sella turcica; cp, clinoid plate; mt, mastoid; pgp, postglenoid process; 1X, X, XJ, foramen 
lacerum posterius, X/J7, condylar foramen. Rancho La Brea Pleistocene. 

11. Smilodon californicus Bovard. Endocranial cast from skull 2001-199. A, dorsal view; B, ven- 
tral view; C, lateral view; D, posterior view; x 2/3. L.ol., lobus olfactorius; L.p., lobulus pyri- 
formis; Hph., hypophysis; Med., medulla oblongata; IJ, N. opticus; f.l.a., N. trigeminus (ophthal- 
mic); f.., N. trigeminus (maxillary); f.o., N. trigeminus (mandibular); VJIJ, N. acusticus; 
IX, X, XI, N. glossopharyngeus, N. vagus, and N. accessorius; XJJ, N. hypoglossus; V, cer.?, 
cerebral veins?; Sin. sag., sinus sagittalis; S.so., supraorbital sulcus; S.cr., cruciate sulcus; 
S.cor., coronal suleus; S.an., suleus ansatus; S.lat., lateral sulcus; S.ss., suprasylvian sulcus; 
S.s., fissura Sylvii; S.e.a., anterior ectosylvian sulcus; S.e.p., posterior ectosylvian sulcus; 
S.ps., postsylvian suleus; S.dg., diagonal suleus; S.rh., rhinal suleus; S.prh., postrhinal sulcus. 
Rancho La Brea Pleistocene. 


12. Smilodon californicus Bovard. Ramus and lower dentition showing presence of P3; No. 2002- 
R-60; lateral view; * 1/2. Rancho La Brea Pleistocene. 


12a. Basihyal?, No. I-1, tentatively referred to Smilodon californicus Bovard; x 1. Rancho La 
Brea Pleistocene. 


13. Smilodon californicus Bovard. Specimens showing principally deciduous teeth. A, B, No. 
2001-577, outer and inner views; C, No. 2001-578, inner view; D, E, No. 2001-579, inner and 
outer views; < 2/3. DC, deciduous canine; Al, alveolus for permanent canine; Dm3, and Dmdé, 
third and fourth deciduous molars. Rancho La Brea Pleistocene. 

14. Smilodon calitornicus Bovard. Specimens showing deciduous and permanent teeth. A, B, 
No. 2001-580, outer and inner views; C, No. 2001-581, inner view; x 2/3. DC, deciduous canine; 
C, permanent canine; Al, alveolus for permanent canine; Dm3, and Dm4, third and fourth 
deciduous molars; P4, fourth premolar. Rancho La Brea Pleistocene. 

15. Smilodon californicus Bovard. Specimens showing deciduous and permanent teeth. A, B, 
No. 2001-582, outer and inner views; C, No. 2001-583, inner view; x 2/3. DC, deciduous canine; 
C, permanent canine; P3, and P4, third and fourth premolars. Rancho La Brea Pleistccene. 

16. Smilodon californicus Bovard. Dm, No. 2001-584; lateral and occlusal views; x 1. Rancho 
La Brea Pleistocene. 

17. Atlas viewed from the antero-external side. A, Smilodon californicus Bovard, No. 2038-11; 
B, Felis atrow Leidy, No. 2936-1; x 1/2. Rancho La Brea Pleistocene. 
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18. Smilodon californicus Bovard. 38d cervical vertebra, No. 2040-2. A, anterior view; B, dorsal 
view; C, lateral view; < 1/2. az, anterior zygapophysis, pz, posterior zygapophysis, tp, trans- 
verse process, hy, hyperapophysis. Rancho La Brea Pleistocene. 

19. Felis atrow Leidy. 3d cervical vertebra, No. 2988-1. A, B, C, same views as in fig. 18; x 1/2. 
Rancho La Brea Pleistocene. 

20. Smilodon californicus Bovard. 4th cervical vertebra, No. 2041-8. A, anterior view; B, dorsal 
view; C, lateral view; < 1/2. az, anterior zygapophysis, pz, posterior zygapophysis, tp, transverse 
process, hy, hyperapophysis, il, inferior lamella. Rancho La Brea Pleistocene. 

21. Felis atrox Leidy. 4th cervical vertebra, No. 2939-1. A, B, C, same views as in fig. 20; x 1/2. 
Rancho La Brea Pleistocene. 

22. Smilodon californicus Bovard. 5th cervical vertebra, No. 2042-5. A, anterior view; B, lateral 
view; xX 1/2. az, anterior zygapophysis, pz, posterior zygapophysis, tp, transverse process, il, in- 
ferior lamella. Rancho La Brea Pleistocene. 

23. Felis atrow Leidy. 5th cervical vertebra, No. 2940-1. A, B, same views as in fig. 22; x 1/2. 
Rancho La Brea Pleistocene. 

24. Smilodon californicus Bovard. 6th cervical vertebra, No. 2043-4. A, anterior view; B, lateral 
view; < 1/2. az, anterior zygapophysis, pz, posterior zygapophysis, tp. transverse process, 72, in- 
ferior lamella. Rancho La Brea Pleistocene. 

25. Felis atrox Leidy. 6th cervical vertebra, No. 2941-1. A, B, same views as in fig. 24; x 1/2. 
Rancho La Brea Pleistocene. 

26. Smilodon californicus Bovard. th cervical vertebra, No. 2044-6. A, anterior view; B, dorsal 
view; C. lateral view; X 1/2. az, anterior zygapophysis, pz, posterior zygapophysis, tp, trans- 
verse process. Rancho La Brea Pleistocene. 

27. Felis atrow Leidy. 7th cervical vertebra, No. 2942-1. A, B, C, same views as in fig. 26; « 1/2. 
Rancho La Brea Pleistocene. 

28. Smilodon californicus Bovard. 1st thoracic vertebra, No. 2045-4. A, anterior view; B, ventral 
view; C. lateral view; < 1/2. az, anterior zygapophysis, pz, posterior zygapophysis, tp, trans- 
verse process, t, facet for tuberculum of rib, cr, facet for capitulum of rib, df, demifacet. Rancho 
La Brea Pleistocene. 

29. Felis atrow Leidy. 1st thoracic vertebra, No. 2943-1. A, B, C, same views as in fig. 28; x 1/2. 
Rancho La Brea Pleistocene. 

30. Smilodon californicus Bovard. 2d thoracic vertebra, No. 2046-3. A, anterior view; B, ventral 
view; C, lateral view; « 1/2. Processes and facets as in 1st thoracic vertebra. Rancho La Brea 
Pleistocene. 

81. Felis atrow Leidy. 2d thoracic vertebra, No. 2944-1. A, B, C, same views as in fig. 30; x 1/2. 
Rancho La Brea Pleistocene. 

82. Smilodon californicus Bovard. 8d thoracic vertebra, No. 2047-7. A, anterior view; B, ventral 
view; C, lateral view; < 1/2. Processes and facets as in Ist thoracic vertebra. Rancho La Brea 
Pleistocene. 

33. Felis atrow Leidy. 3d thoracic vertebra, No. 2945-1. A, B, C, same views as in fig. 32; « 1/2. 
Rancho La Brea Pleistocene. 

34. Smilodon californicus Bovard. 4th thoracic vertebra, No. 2048-1. A, anterior view; B, lateral 
view; < 1/2. Processes and facets as in Ist thoracie vertebra. Rancho La Brea Pleistocene. 

35. Felis atrox Leidy. 4th (?) thoracic vertebra, No. 2946-1. A, B, same views as in fig. 34; 
< 1/2. Rancho La Brea Pleistocene. 

36. Smilodon californicus Bovard. 5th thoracic vertebra, No. 2049-1. A, anterior view; B, lateral 
view; <X 1/2. Processes and facets as in 1st thoracic vertebra. Rancho La Brea Pleistocene. 

37. Smilodon californicus Bovard. 6th thoracic vertebra, No. 2050-1. A, anterior view; B, lateral 
view; <X 1/2. Processes and facets as in Ist thoracic vertebra. Rancho La Brea Pleistocene. 

38. Smilodon californicus Bovard. 7th thoracic vertebra, No. 2051-1. A, anterior view; B, lateral 
view; X 1/2. Processes and facets as in Ist thoracic vertebra. Rancho La Brea Pleistocene. 

89. Smilodon californicus Bovard. 8th thoracic vertebra, No. 2052-1. A, anterior view; B, lateral 
view; < 1/2. Processes and facets as in Ist thoracic vertebra. Rancho La Brea Pleistocene. 

40. Smilodon californicus Bovard. 9th thoracie vertebra, No. 2053-1. A, anterior view; B, lateral 
view; < 1/2. Processes and facets as in 1st thoracic vertebra. Rancho La Brea Pleistocene. 

41. Smilodon californicus Bovard. 10th thoracic vertebra, No. 2054-1. A, anterior view; 
B, lateral view; x 1/2. Processes and facets as in 1st thoracic vertebra. Rancho La Brea 
Pleistocene. 

42. Felis atrow Leidy. 10th thoracic vertebra, No. 2952-1. A, B, same views as in fig. 41; x 1/2. 
Rancho La Brea Pleistocene. 

43. Smilodon californicus Bovard. 11th thoracic vertebra, spineless type, No. 2055-3. A, anterior 
view; B, lateral view; x 1/2. m, metapophysis, an, anapophysis, pz, posterior zygapophysis, tr, 
facet for tuberculum of rib, cr, facet for capitulum of rib. Rancho La Brea Pleistocene. 

44. Felis atrow Leidy. 11th thoracie vertebra, No. 2953-8. A, B, same views as in fig. 43; * 1/2. 
Rancho La Brea Pleistocene. 
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Fig. 45. Smilodon californicus Bovard. 11th thoracic vertebra, No. 2055-2. A, anterior view; B, lateral 
view; x 1/2. Note well-developed neural spine. Rancho La Brea Pleistocene. 

Fig. 46. Smilodon californicus Bovard. 12th thoracie vertebra, No. 2056-1. A, anterior view; B, 
lateral view; * 1/2. Processes and facets as in 11th thoracie vertebra. Rancho La Brea Pleisto- 
cene. 

Fic. 47. Felis atrow Leidy. 12th thoracie vertebra, No. 2954-1. A, B, same views as in fig. 46; x 1/2. 
Rancho La Brea Pleistocene. 

Fig. 48. Snvilodon californicus Bovard. 18th thoracic vertebra, No. 2057-6. A, anterior view; B, 
lateral view; x 1/2. Processes and facets as in 11th thoracic vertebra. Rancho La Brea 
Pleistocene. 

Fic. 49. Felis atrox Leidy. 13th thoracie vertebra, No. 2955-6. A, B, same views as in fig. 48; x 1/2. 
Rancho La Brea Pleistocene. 

Fig. 50. Smilodon californicus Bovard. 1st lumbar vertebra, No. 2058-1. A, anterior view; B, 
lateral view; C, dorsal view; x 1/2. Rancho La Brea Pleistocene. 

Fig. 51. Felis atrow Leidy. 1st lumbar vertebra, No. 2956-1. A, B, C, same views as in fig. 50; x 1/2. 
Rancho La Brea Pleistocene. 

Fic. 52. Smilodon californicus Bovard. 4th lumbar vertebra, No. 2061-2. A, anterior view; B, dorsal 
view; C, lateral view; x 1/2. Rancho La Brea Pleistocene. 

Fig. 53. Felis atrox Leidy. 4th lumbar vertebra, No. 2959-1. A, B, C, same views as in fig. 52; 
« 1/2. Rancho La Brea Pleistocene. 

Fic. 54. Smilodon californicus Bovard. 6th lumbar vertebra, No. 2063-1. A, anterior view; B, dorsal 
view; C, lateral view; x 1/2. Rancho La Brea Pleistocene. 

Fig. 55. Felis atrow Leidy. 6th lumbar vertebra, No. 2961-1. A, B, C, same views as in fig. 54; « 1/2. 
Rancho La Brea Pleistocene. 

Fic. 56. Smilodon californicus Bovard. 7th lumbar vertebra, No. 2064-11. A, anterior view; B, dorsal 
view; C, lateral view; < 1/2. Rancho La Brea Pleistocene. 

Fic. 57. Felis atrox Leidy. 7th lumbar vertebra, No. 2962-6. A, B, C, same views as in fig. 56; 
x 1/2. Rancho La Brea Pleistocene. 

Fic. 58. Smilodon californicus Bovard. Sacrum, No. 2065-5. A, anterior view; B, dorsal view; C, 
ventral view; D, posterior view; * 1/2. Rancho La Brea Pleistocene. 

Fig. 59. Felis atrow Leidy. Sacrum, No. 2963-2. A, B, C, D, same views as in fig. 58; « 1/2. Rancho 
La Brea Pleistocene. 

Fig. 60. Smilodon californicus Bovard. 1st caudal vertebra, No. 2068-1. A, B, anterior and dorsal 
views. Felis atrow Leidy. 1st caudal vertebra, No. 2966-1. C, D, anterior and dorsal views; x 1/2. 
Rancho La Brea Pleistocene. 

Fig. 61. Smilodon californicus Bovard. Representative caudal vertebre, posterior to the first; dorsal 
and anterior views; < 1/2. Rancho La Brea Pleistocene. . 

Fic. 62. Felis atrow Leidy. Representative caudal vertebre, posterior to the first; dorsal and anterior 
views; < 1/2. Rancho La Brea Pleistocene. 

Fic. 63. Smilodon californicus Bovard. Manubrium, No. 2066-7. A, ventral view; B, lateral view; 
C, dorsal view; « 2/3. CclI, attachment of first costal cartilage. Rancho La Brea Pleistocene. 

Fic. 64. Felis atrox Leidy. Manubrium, No. 2964—4. A, B, C, same views as in fig. 63; < 2/3. Rancho 
La Brea Pleistocene. 

Fig. 65. Smilodon californicus Bovard. Manubria, Nos. 2066-11, 2066-12. A, ventral view; B, lateral 
view; < 2/3. Specimens show variation in size and shape. CclI, attachment of first costal cartilage. 
Rancho La Brea Pleistocene. 

Fic. 66. Mesosternal elements. A, B, Smilodon californicus Bovard, No. J-8269; C, D, Felis atrox 
Leidy, No. X-7394; « 1. Rancho La Brea Pleistocene. 

Fic. 67. Smilodon californicus Bovard. Xiphisternum, No. 2067-2. A, ventral view; B, lateral view; 
x 2/3. Rancho La Brea Pleistocene. 

Fic. 68. Felis atrow Leidy. Xiphisternum, No. 2965-2. A, B, same views as in fig. 67; x 2/3. Rancho 
La Brea Pleistocene. 

Fic. 69. Clavicles, presumably of Smilodon californicus Bovard. A to D, Nos. I-4, I-5, i-2, I-38; x 1. 
Rancho La Brea Pleistocene. 

Fic. 69a. Diagram illustrating comparative lengths of appendicular elements of Felis atrow Leidy and 
Smilodon californicus Bovard from Rancho La Brea. 

Fig. 70. Right humerus; anterior view; x 1/3. A, Smilodon californicus Bovard, No. 2005—R-6; 


B, Felis atrox Leidy, No. 2903—R-8. Note characteristic differences between sabre-tooth cat and 
true cat in proximo-internal profile of tuberosity and development of bicipital and deltoid crests. 
Rancho La Brea Pleistocene. 


Fic. 71. Right humerus; lateral view; x 1/3. A, Smilodon californicus Bovard, No. 2005—R-6; 


B, Felis atrow Leidy, No. 2903—R-8. Note particularly difference in profile of tuberosity. Rancho 
La Brea Pleistocene. 
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72. Smilodon californicus Bovard. Distal portions of right humeri; anterior views; « 1/2. A, 
specimen without entepicondylar foramen, No. 2005—-R-11; B, normal specimen with foramen, 
No. 2005-R-4. Rancho La Brea Pleistocene. 

73. Smilodon californicus Bovard. Right scapho-lunar, No. 2023-R-3. A, distal view; B, proxi- 
mal view; C, external view; D, dorsal view; x 2/3. Facets for trapezium (7m), trapezoid (Td), 
magnum (Mg), unciform (Un), sesamoid (Ses), and radius (Rk). Rancho La Brea Pleistocene. 
74. Felis atrox Leidy. Right scapho-lunar, No. 2921—-R-1. A, proximal view; B, distal view; 
C, dorsal view; D, external view; x 2/3. Facets as in fig. 73. Rancho La Brea Pleistocene. 

75. Smilodon californicus Bovard. Right cuneiform, No. 2024-R-2. A, outer view; B, inner 
view; C, dorsal view; x 2/3. Facets for pisiform (P72), ulna (U), and unciform (Un). Rancho 
La Brea Pleistocene. 

76. Felis atrow Leidy. Right cuneiform, No. 2922-R-1. A, B, C, same views as in fig. 75; « 2/3. 
Rancho La Brea Pleistocene. 

77. Smilodon californicus Bovard. Right pisiform, No. 2025-R-2. A, distal view with view of 
head; B, radial view; C, ulnar view; x 2/3. Facets for cuneiform (Cn) and ulna (U). Rancho 
La Brea Pleistocene. 

78. Felis atrox Leidy. Right pisiform, No. 2923-R-1. A, B, C, same views as in fig. 77; « 2/3. 
Rancho La Brea Pleistocene. 

79. Smilodon californicus Bovard. Right trapezium, No. 2026—-R-2. A, outer view; B, inner 
distal view; C, dorsal view; D, proximal view; x 2/3. Facets for trapezoid (Td), scapho-lunar 
(S-L), metacarpal I (McI), and metacarpal II (McIJ). Rancho La Brea Pleistocene. 

80. Felis atrox Leidy. Right trapezium, Nos. 2924—R-1, 2924-R-2. A, EH, outer view; B, F, inner 
distal view; C, G, dorsal view; D, H, proximal view; x 2/3. Facets as in fig. 79. Rancho La Brea 
Pleistocene. 

81. Smilodon californicus Bovard. Right trapezoid, No. 2027—R-3. A, proximal view; B, distal 
view; C, dorsal view; D, inner view; x 2/3. Facets for scapho-lunar (S-L), metacarpal II (Mcl//), 
magnum (Mg), and trapezium (7m). Rancho La Brea Pleistocene. 

82. Felis atrow Leidy. Right trapezoid, No. 2925-R-1. A, B, C, D, same views as for fig. 81; 
< 2/3. Rancho La Brea Pleistocene. 

83. Felis atrox Leidy. Fused right trapezium and trapezoid, No. 2925—-R-5. A, distal view; B, 
proximal view; C, dorsal view; « 2/8. Facets for scapho-lunar (S-L), metacarpal I (Mel), and 
metacarpal II (McII). Rancho La Brea Pleistocene. 

84. Smilodon californicus Bovard. Right magnum, No. 2028-R-—2. A, inner view; B, outer view; 
C, distal view; D, proximal view; x 2/3. Facets for scapho-lunar (S-L), trapezoid (Td), meta- 
carpal II (MclJ), metacarpal III (MclIII), metacarpal IV (McIV), and unciform (Un). Rancho 
La Brea Pleistocene. 

85. Felis atrow Leidy. Right magnum, No. 2926—-R-1. A, B, C, D, same views as in fig. 84; « 2/3. 
Rancho La Brea Pleistocene. 

86. Smilodon californicus Bovard. Right unciform, No. 2029-R—2. A, outer view; B, inner view; 
C, distal view; D, proximal view; E, dorsal view; x 2/3. Facets for cuneiform (Cn), scapho- 
lunar (S-L), magnum (Mg), metacarpal IV (McIV), and metacarpal V (McV). Rancho La Brea 
Pleistocene. 

87. Felis atrox Leidy. Right unciform, No. 2927-R-1. A, B, C, D, E, same views as in fig. 86; 
< 2/3. Rancho La Brea Pleistocene. 

88. Diagram showing comparative maximum and minimum lengths of metacarpals and differences 
between maximum and minimum lengths of these elements in Felis atrow Leidy and Smilodon 
californicus Bovard from Rancho La Brea. 

89. Smilodon californicus Bovard. Right metacarpal I, No. 2018—R-1. A, dorsal view; B, distal 
view; C, proximal view; D, palmar view; E, inner view; x 2/3. Facets for trapezium (7m) 
and first digit (Di); tb, tubercle. Rancho La Brea Pleistocene. 

90. Felis atrox Leidy. Right metacarpal I, No. 2911—R-3. A, B, C, D, E, same views as in fig. 89; 
< 2/3. Rancho La Brea Pleistocene. 

91. Smilodon californicus Bovard. Right metacarpal II, No. 2014-R-1. A, dorsal view with 
view of proximal end; B, outer view; C, inner view; x 2/3. Facets for trapezoid (7d), trapezium 
(Tm) and metacarpal III (McIII). Rancho La Brea Pleistocene. 

92. Felis atrox Leidy. Right metacarpal II, No. 2912-R-1. A, B, C, same views as in fig. 91; 
< 2/3. Facet for magnum (Mg); remaining facets as in fig. 91. Rancho La Brea Pleistocene. 
93. Smilodon californicus Bovard. Right metacarpal III, No. 2015-R-1. A, dorsal view with 
view of proximal end; B, outer view; C, inner view; x 2/3. Facets for unciform (Un), magnum 
(Mg), metacarpal II (McII), and metacarpal IV (McIV). Rancho La Brea Pleistocene. 

94. Felis atrow Leidy. Right metacarpal III, No. 2913—-R-1. A, B, C, same views as in fig. 93; 
< 2/3. Rancho La Brea Pleistocene. 

95. Smilodon californicus Bovard. Right metacarpal IV, No. 2016-R-1. A, dorsal view with 
view of proximal end; B, outer view; C, inner view; x 2/3. Facets for unciform (Un), metacarpal 
III (MclIII), and metacarpal V (McV). Rancho La Brea Pleistocene. 
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. 96. Felis atrow Leidy. Right metacarpal IV, No. 2914-R-1. A, B, C, same views as in fig. 95; 
x 2/3. Rancho La Brea Pleistocene. 

97. Snulodon californicus Bovard. Right metacarpal V, No. 2017-R-1. A, dorsal view with 
view of proximal end; B, inner view; C, outer view; x 2/3. Facets for unciform (Un) and 
metacarpal IV (McIV). Rancho La Brea Pleistocene. 

98. Felis atrow Leidy. Right metacarpal V, No. 2915-R-1. A, B, C, same views as in fig. 97; 
x 2/3. Rancho La Brea Pleistocene. 

99. Smulodon californicus Bovard. Digit I, manus, proximal phalanx, No. 2073-1. A, dorsal 
view; B, distal view; C, proximal view; D, palmar view; E, inner view; x 2/3. Rancho La Brea 
Pleistocene. 

100. Felis atrow Leidy. Digit I, manus, proximal phalanx, No. 2968-1. A, B, C, D, E, same 
views as in fig. 99; x 2/3. Rancho La Brea Pleistocene. 

101. Sesamoids; « 1. A, B, Smilodon californicus Bovard, Nos. 2087-2 and 2087-1; C, D, Felis 
atrox Leidy or S. californicus, Nos. 2985-2 and 2935-1. Rancho La Brea Pleistocene. 

102. Smilodon californicus Bovard. Right astragalus, No. 2030—R-1. A, posterior view; B, cal- 
caneal view; C, tibial view; D, distal view; x 2/3. Facets for tibia (7), fibula (#), navicular 
(Na), and caleaneum (Ca’', Ca’, Ca’). Rancho La Brea Pleistocene. 

108. Felis atrox Leidy. Right astragalus, No. 2928-R-1. A, B, C, D, same views as in fig. 102; 
x 2/3. Rancho La Brea Pleistocene. 

104. Smilodon californicus Bovard. Right astragali; x 2/3. A and B, tibial views of long-necked 
and short-necked specimens, Nos. 2030—R-2, 2030—-R-5; C, posterior view showing presence of 
large astragalar foramen, No. 2030-R-2. Rancho La Brea Pleistocene. 

105. Smilodon californicus Bovard. Right caleaneum, No. 2031—R-1. A, astragalar view; B, 
distal view; x 2/3. Facets for astragalus (As’*, As’, As*), navicular (Na), and cuboid (Cu). 
Rancho La Brea Pleistocene. 

106. Felis atrox Leidy. Right caleaneum, No. 2929-R-1. A, B, same views as in fig. 105; x 2/8. 
Rancho La Brea Pleistocene. 

107. Smilodon californicus Bovard. Right entocuneiform, No. 2032—-R—2. A, proximal view; B, 
outer view; C, dorsal view; D, distal view; x 2/3. Facets for navicular (Na), mesocuneiform 
(Me), and metatarsal I (Mt/). Rancho La Brea Pleistocene. 

108. Felis atrox Leidy. Right entocuneiform, No. 2980-R-1. A, dorso-internal and proximal 
views; B, plantar-external and distal views; x 2/3. Facets as in fig. 107. Rancho La Brea 
Pleistocene. 

109. Smilodon californicus Bovard. Fused right entocuneiform and metatarsal I, No. 
2032-R-4. A, dorsal view; B, outer view; x 2/3. Facets for navicular (Na) and mesocuneiform 
(Me). Rancho La Brea Pleistocene. 

110. Smilodon californicus Bovard. Right mesocuneiform, No. 2033—R-2. A, posterior view; B, 
distal view; C, proximal view; D, inner view; E, outer view; x 2/3. Facets for entocuneiform 
(Hn), navicular (Na), and metatarsal II (Mtl). Rancho La Brea Pleistocene. 

111. Felis atrow Leidy. Right mesocuneiform, No. 2981—R-1. A, B, C, D, E, same views as in 
fig. 110; « 2/3. Facets for entocuneiform (H7), navicular (Na), ectocuneiform (Hc), and meta- 
tarsal II (MtlJ). Rancho La Brea Pleistocene. 

112. Smilodon californicus Bovard. Right ectocuneiform, Nos. 2034—R—2, 2034-R-5. A, distal 
view; B, proximal view; C, internal view; D, external view; E, dorsal view; F, proximal view; 
G, internal view; x 2/3. Facets for nayvicular (Na), cuboid (Cw), metatarsal Ii (MtI//), and 
metatarsal III (MtlII). Rancho La Brea Pleistocene. 

118. Felis atrow Leidy. Right ectocuneiform, No. 2932-R-1. A, B, C, D, E, same views as in 
fig. 112, A-E; x 2/3. Facets for mesocuneiform (Me), navicular (Na), cuboid (C2), metatarsal 
II (MtIZ), metatarsal III (MtII/), and metatarsal IV (MtIV). Rancho La Brea Pleistocene. 
114. Smilodon californicus Bovard. Right cuboid, No. 2035-R-3. A, proximal view; B, dorsal 
view; C, distal view; D, inner view; EH, plantar view; x 2/3. Facets for caleaneum (Ca), navic- 
ular (Na), ectocuneiform (Hc), metatarsal IV (MtIV), and metatarsal V (MtV). Rancho 
La Brea Pleistocene. 

115. Felis atrow Leidy. Right cuboid, No. 2933—R-1. A, B, C, D, E, same views as in fig. 114; 
x 2/3. Rancho La Brea Pleistocene. 

116. Smilodon californicus Bovard. Right navicular, No. 2036—-R-1. A, proximal view; B, distal 
view; C, external view; < 2/3. Facets for astragalus (As), ectocuneiform (Hc), mesocuneiform 
(Me), entocuneiform (Hn), caleaneum (Ca), and cuboid (Cu). Rancho La Brea Pleistocene. 

117. Felis atrow Leidy. Right navicular, No. 2934-R-1. A, B, C, same views as in fig. 116; 
< 2/3. Rancho La Brea Pleistocene. 

118. Smilodon californicus Bovard. Fused navicular and mesocuneiform, No. 2033-R-5. A, 
proximal view; B, distal view; C, external view; x 2/3. Facets for astragalus (As), entocunei- 
form (Hn), metatarsal II (MtII), ectocuneiform (Ec), and cuboid (Cu). Rancho La Brea Pleis- 
tocene. 
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119. Diagram showing comparative maximum and minimum lengths of metatarsals and differ- 
ences between maximum and minimum lengths of these elements in Felis atrow Leidy and Snulodon 
californicus Bovard from Rancho La Brea. 
120. Smilodon californicus Bovard. Right rudimentary metatarsal I, No. 2018-R-1. A, proximal 
view; B, dorsal view; C, inner view; x 2/3. Facet for entocuneiform (Hn). Rancho La Brea 
Pleistocene. 
121. Felis atrow Leidy. Right rudimentary metatarsal I, No. 2916-R-1. A, B, C, same views 
as in fig. 120; x 2/8. Rancho La Brea Pleistocene. 
122. Smilodon californicus Bovard. Right metatarsal II, No. 2019-R-1. A, dorsal view with 
view of proximal end; B, outer view; x 2/3. Rancho La Brea Pleistocene. 
123. Felis atrox Leidy. Right metatarsal II, No. 2917-R-1. A, B, same views as in fig. 122; 
< 2/3. Rancho La Brea Pleistocene. 
124. Smilodon californicus Bovard. Specimen showing fusion of right metatarsal II and rudi- 
ment of first metatarsal. A, dorsal and proximal views; B, inner view; No. 2019-R-4; x 2/8. 
Rancho La Brea Pleistocene. 
125. Smilodon californicus Bovard. Right metatarsal III, No. 2020-R-1. A, dorsal view with 
view of proximal end; B, outer view; x 2/3. Rancho La Brea Pleistocene. 
126. Felis atrox Leidy. Right metatarsal III, No. 2918-R-1. A, B, same views as in fig. 125; 
x 2/3. Rancho La Brea Pleistocene. 
127. Smilodon californicus Bovard. Right metatarsal IV, No. 2021—-R-1. A, dorsal view with 
view of proximal end; B, outer view; C, inner view; xX 2/3. Rancho La Brea Pleistocene. 
128. Felis atrow Leidy. Right metatarsal IV, No. 2919-R-1. A, B, C, same views as in fig. 127; 
x 2/3. Rancho La Brea Pleistocene. 
129. Smilodon californicus Bovard. Right metatarsal V, No. 2022-R-1. A, dorsal view with 
view of proximal end; B, inner view; x 2/3. Rancho La Brea Pleistocene. 
130. Felis atrox Leidy. Right metatarsal V, No. 2920-R-1. A, B, same views as in fig. 129; 
< 2/3. Rancho La Brea Pleistocene. 
131. Smilodon californicus Bovard. A, phalanx I, dorsal view; B, phalanx IJ, dorsal view; D, E, 
F, phalanx JII, lateral, anterior and posterior views; x 2/8. 

Felis atrow Leidy. C, phalanx II, dorsal view; x 2/3. Rancho La Brea Pleistocene. 
132. Smilodon californicus brevipes, n. var. Metapodials; «x 1. A, B, type specimen, meta- 
tarsal III, No. 2070—L-1; A, dorsal and distal views; B, outer and proximal views. C, D, referred 
specimen, metatarsal II and fused rudimentary metatarsal I and entocuneiform, No. 2069—R-1; 
C, dorsal and proximal views; D, outer and distal views. E, F, referred specimen, metacarpal II, 
No. 2071-L-1; E, dorsal view; F, outer view. G, H, referred specimen, metacarpal V, No. 
2072—-R-1. G, dorsal view; H, inner view. Rancho La Brea Pleistocene. 
183. Felis atrox Leidy. Type specimen, No. 12546, Phila. Acad. Nat. Sci. Coll.; outline of lower 
cheek-teeth P3-M1I; x 1. Pleistocene, Natchez, Mississippi. 
134. Felis atrow Leidy. Vertical longitudinal section of skull, No. 2900-16; x 2/5. Ethmotur- 
binals are not preserved in this specimen. yn, nasal; fr, frontal; s, frontal sinus; pa, parietal; 
so, supraoccipital; ten., cut edge of tentorium; bo, basioccipital; pet, petrosal; bs, basisphenoid; 
ps, presphenoid; ty, tympanic; pt, pterygoid; pl, palatine; pm, premaxillary; mat, maxilloturbinal; 
ms, mesethmoid; st, sella turcica; cp, clinoid plate; pgp, postglenoid process; 1X, X, XI, foramen 
lacerum posterius; X/JJ, condylar foramen. Rancho La Brea Pleistocene. 
135. Felis atrox Leidy. Endocranial cast from skull 2900-16. A, dorsal view; B, ventral view; 
C, lateral view; D, posterior view; x 2/3. For explanation of letters see fig. 11. Rancho La Brea 
Pleistocene. 
136. Comparison of skulls of Recent lion (1 and 3) and tiger (2 and 4). (After Boule.) 
137 Comparison of skulls and jaws of Recent lion (5 and 7) and tiger (6 and 8). (After Boule.) 
188 Comparison of humerus of Recent lion (9) and tiger (10). (After Boule.) 
139. Felis atrox Leidy. Lateral views of skulls; x 1/3. A, No. 2900-9; B, No. 2900-8; C, 
No. 2900-4. Compare dorsal profiles of these skulls with those of living tiger (see fig. 140, A, B). 
Rancho La Brea Pleistocene. 
140. Skulls of modern tiger and lioness; lateral views; x 1/3. A, skull of tiger (Panthera tigris 
tigris) from Central Provinces, showing typical shape in the Indian race; B, skull of Sumatran 
tiger (Panthera tigris sumatrae) from Sungei Kumbang, showing likeness to the lion’s skull; C, 
skull of lioness from Mulema, Uganda, for comparison with A, B. After Pocock. 
141. Outline of nasals and portions of fronto-maxillary suture in skulls of Javan and Sumatran 
tigers. After Pocock. A, Panthera tigris sondaica Fitzinger, from Probolingo. B, Panthera 
tigris sumatrae Pocock, from Delhi; x 3/5. 
142. Felis atrow Leidy. A, B, skull, No. 2900-4, dorsal and anterior views of muzzle. C, D, 
mandibles, Nos. 2901-5 and 2901-15, lateral views to show variation in profile of ventral border; 
« 1/4. Rancho La Brea Pleistocene. 
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143. Comparative outlines of skulls of Pleistocene felines. a, Felis atrox Leidy; Rancho La Brea, 
Calif. b, Felis leo Hdwardsi (Bourguignat) ; Venece Cavern, Maritime Alps. (After Boule). e, 
Felis leo spelaea (Goldfuss) ; East side of Ural Mts., Province of Perm, Russia. (After Riabinin.) 
d, Felis spelaea Goldfuss; British Pleistocene. (After Dawkins and Sanford). x 1/3. 

144. Skull of modern jaguar Felis onca, No. 9703 U.S.N.M.; x 1/2. A, lateral view; B, dorsal 
view of facial region; C, anterior view; D, lateral view of mandible. 

145. Comparative views of basicranial region of skulls. A, Felis onca; B, Felis leo; C, Felis atrox; 
D, Felis concolor; 2/3. f.o., foramen ovale; s.f., stylomastoid foramen; f.l.p., foramen lacerum 
posterius; c.f., condylar foramen; v.n.c., canal for Vidian nerve; n., median notch in posterior pala- 
tine border of palate; en.p., entotympanic process; ec.p., ectotympanic process; pg.p., postglenoid 
process; m.p., mastoid process; p.p., paroccipital process; t.hy., tympanohyal pit. 

146. Comparative views of humeri. A, A’, Felis onca, lateral and anterior views; B, B’, Felis 
bituminosa, n. sp., No. X8809 L.A. Mus Coll.; lateral and anterior views; x 1/2. 

147. Comparative views of femora. A, A’, Felis, possibly daggetti Merriam, No. X8848; B, B’, 
Felis bituminosa, n. sp., No. X8846; anterior and posterior views; x 1/2. Rancho La Brea Pleis- 
tocene. 

148. Study of the head of the puma (Felis bitwminosa, n. sp.). Lateral view, greatly reduced. 
Restoration by Charles R. Knight under direction of J. C. Merriam. 

149. Comparative ventral views of skulls. A, Lynw rufa; B, Lynx canadensis; * 2/3. Note 
particularly differences in position of postpalatine foramina, size of postorbital processes of 
frontals, and shape of presphenoid. 

150. Study of the head of the wildcat (Lynw rufa fischeri Merriam). Lateral view, greatly reduced. 
Restoration by Charles R. Knight under direction of J. C. Merriam. 

151. Outline map showing Pleistocene occurrences of Smilodon and Felis atrox in western North 
America. 1, Rancho La Brea and vicinity, Los Angeles County; 2, McKittrick, Kern County; 
3, Livermore Valley, Alameda County; 4, Hawver Cave, Eldorado County; 5, Carson City, Nevada, 
(occurrence questionable); 6, Astor Pass, Nevada; 7, Rome, Malheur County, Oregon; 8, Potter 
Creek Cave, Shasta County, Calif.; 9, Washtuckna Lake, Washington. 


152. Felis cf. atrow Leidy. Fragment of ramus, No. 647, lateral and dorsal views; x 1. Owyhee 
Pleistocene, Malheur Co., Oregon. California Institute of Technology Collections. 
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INTRODUCTION 


Were one to select any single item to illustrate the most striking phase 
in the long list of exceptional features of our North American Pleistocene 
life as exhibited by the Rancho La Brea fauna, it would presumably be the 
representation of the Felidz. Excepting only the dire wolves, no group in 
the fauna of Rancho La Brea is represented by such a multitude of specimens, 
ranging up to more than one thousand individuals of the sabre-tooth cat and an 
exceptionally large number of individuals of the great lion-like cat, with a 
limited number of smaller types. 

It is certain that no other deposit thus far known in the history of paleon- 
tology has furnished such a marvelous abundance of perfectly preserved 
material. Moreover, there are to be found in this assemblage the highest and 
most efficient stages in evolution of two great divisions of the cat group; one 
being shown in the sabre-tooth, the acme of cat specialization on this line, 
the other represented in the magnificent Felis atrox, a veritable giant of the 
true cat tribe. 

Among the smaller cats occurring at Rancho La Brea the puma and the 
wildcat are definitely recorded. While the frequency of occurrence of these 
various types undoubtedly reflects the environmental conditions prevailing 
in the vicinity of Rancho La Brea during the period of accumulation of 
the asphalt deposits, it likewise suggests the approach which the entire 
assemblage makes to the living fauna of the region. Thus, while the Rancho 
La Brea cats include in their number types like those of the present, such as 
puma and wildcat, the geologic antiquity of the fauna as a whole is emphasized 
by the preponderance of extinct representatives of the feline group. 

In the number and variety of types represented, the Rancho La Brea 
group of cats exhibits a striking similarity to that described from the British 
eaves. Increased appreciation of the unusual characteristics of the larger 
Pleistocene members of the cat tribe has come unquestionably with more inti- 
mate knowledge of the great living felines. A broad survey of the Quaternary 
history of the Felidze emphasizes the wide distribution and importance of 
this family in the past, and illustrates that principle of change which has 
brought about restriction of range and extinction in so many groups of mam- 
mals. 
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REVIEW OF LITERATURE ON PLEISTOCENE AND LATE 
TERTIARY CATS OF WESTERN NORTH AMERICA 


SABRE-TOOTH CATS 


The presence of remains of sabre-tooth cats in the asphalt deposits of 
Rancho La Brea was first mentioned in the literature by William Denton. In 
the account (1875, vol. 18, pp. 185-186) of a visit to the brea ranch of Major 
Henry Hancock in the vicinity of Los Angeles, Denton describes the asphalt 
beds which were then being excavated for their tar content. He relates 
furthermore how Major Hancock gave him a collection of fossil bones and 
teeth from the deposits. Among these specimens was a canine or sabre-tooth 
which Denton recognized and described as belonging to a macherodont cat. 

Evidently on a later visit to the West, Denton either saw or heard of the 
remarkable series of tracks of Pleistocene mammals and birds which were being 
uncovered in the newly made excavations for the Nevada State Prison, one mile 
east of Carson City, Nevada. In an early account of these imprints by Gibbes ° 
it is suggested that one type, a round track, five inches in diameter, was left 
by some feline animal, and in a footnote to this statement on page 2 the follow- 
ing remark is made: “In the spring of 1881, when Professor Denton was 
here he informed me that he found a tooth of the Macherodus (Sabre tooth 
Tiger), in the asphaltum beds of Los Angeles County. The animal that made 
these tracks may have been the Macherodus. C. D. G.” 

Apparently no further published record, with particular regard to the 
presence of fossil cats in the Rancho La Brea occurrence appeared until the 
preliminary notice twenty-four vears later by J. C. Merriam (1906). This 
note was based on a small collection of vertebrate remains, including some frag- 
mentary specimens of the sabre-tooth cat, secured at the locality in 1905 by 
Mr. W. W. Orcutt and Dr. Frank M. Anderson. 

Additional materials of the sabre-tooth cat of Rancho La Brea formed the 
basis of a study by J. F. Bovard (1907, pp. 157-163, pl. 13, figs. 1-4) and the 
type was described as a new species under the name Smilodon californicus. 
An incomplete endocranial cast of this species was described by R. L. Moodie 
(1922). In addition, special investigations of the pathological lesions found 
in the cats of the asphalt have been conducted by Moodie (1926, 1927, 1929, 
1930A, 1930B). In the cave deposits of northern California, sabre-tooth cat 
remains were recorded only from Hawver Cave in Eldorado County (Stock, 


1Gibbes, C. D., Prehistoric footprints in the sandstone quarry of the Nevada State Prison, Proc. Calif. Acad. 
Sci., 8 pp., 4 photos., 3 diag., 1882. 
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1918, pp. 480-481, figs. 3a, 3b). Here the known material was extremely 
scanty. 

The tentative record of sabre-tooth cats in the Pleistocene sandstones of 
the vicinity of Carson City, Nevada, has already been alluded to. Fragmen- 
tary materials from terrace accumulations exposed along the shore of San 
Pablo Bay may indicate the presence of Smilodon in the incomplete fauna 
known from this region. 

Thus, for the region of western North America, the recognition of sabre- 
tooth cats, identified as Smilodon californicus or tentatively referred to this 
genus, is based principally on specimens secured in Pleistocene beds of Cali- 
fornia. Sabre-tooth cats possessing more primitive characters than those of 
S. californicus and occurring in formations of early Pleistocene or late Plio- 
cene age have been described from California and Idaho. A fragmentary lower 
jaw provisionally referred to the genus Machxrodus and designated M. (?) 
ischyrus was described by Merriam (1904, pp. 171-174, 1 fig.) from a locality 
at Asphalto, Kern County, not far from the present site of the village of 
McKittrick. In a later paper Merriam (1918A, p. 524, footnote) established 
the genus Jschyrosmilus on the basis of this specimen and a more extended dis- 
cussion of the form appeared in the following year (Merriam, 1919, pp. 543- 
544). No definite determination was made of the age of the formation whence 
this specimen came, but the beds were regarded as either of the lower Pleisto- 
cene or of the late Pliocene. It has been generally assumed that Jschyrosmilus 
ischyrus Merriam and an associated form Hyxnognathus pachydon Merriam 
came from the Tulare formation. 

Among the mammals recorded from the Idaho formation of southwestern 
Idaho is a sabre-tooth cat described by Merriam (1918A, pp. 524-526, fig. 1) as 
Ischyrosmilus(?) idahoensis. Associated forms in the fauna include Neo- 
tragocerus lindgrent and Equus idahoensis. The character of the assemblage 
and the structural features of the sabre-tooth cat are suggestive of a faunal 
stage earlier than that recorded at Rancho La Brea. In 1918 Merriam (1918B, 
pp. 544-546, fig. 155), in the report on the Tertiary mammal faunas of the 
Mohave Desert, described the species Ischyrosmilus osbormi from the Ricardo 
lower Pliocene. 

TRUE CATS 

Among the mammalian remains secured by Lorenzo G. Yates from 
Quaternary deposits in the Livermore Valley, California, was a skull fragment 
of a large cat which Leidy (1873B, pp. 228-229, pl. 31, fig. 3) used as type in 
the description of the species Felis imperialis. W.D. Matthew (1902, pp. 321- 
322) tentatively determined the presence of this species in the Washtuckna 
Lake Pleistocene fauna of eastern Washington. Mention of this species is made 
also by Bovard (1907, p. 164). In the same paper Bovard (1907, pp. 163-164, 
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pl. 14, fig. 1) describes and figures an upper milk sectorial tooth from the 
Pleistocene of Potter Creek Cave, Shasta County, California, which resembles 
in size the comparable tooth in the African lion. A possible relationship to 
Felis imperialis was suggested. Jaws and teeth from this cavern, represent- 
ing the puma and wildcat, were likewise identified by this writer (Bovard, 
1907, pp. 165-166, pl. 14, figs. 2-5). 

Two years later Merriam (1909) described from Rancho La Brea a very 
large skull of a cat and referred this specimen to a new variety of Leidy’s 
species Felis atrox, designating the type as F. atrox bebbi. In 1910 W. 
Freudenberg (1910, pp. 223-230, pls. 27-28) recorded specimens from Pleis- 
tocene deposits in the region of Tequixquiac, valley of Mexico, which were 
referred to several species of cats including Felis imperialis and Felis atrow. 

In the same year Merriam (1910, p. 395) described the type of Lynx 
californicus fischeri from the asphalt deposits. Two years later Merriam 
(1912, pp. 42-46, figs. 4-10) described a fragment of a mandible and several 
metapodials representing the puma group in the Rancho La Brea fauna. The 
specimens were referred to Felis, near hippolestes Merriam, C. H. It was sug- 
gested at that time that further materials might demonstrate the presence of 
a species distinct from the modern type. Later (Merriam, 1918B) a complete 
ramus of the mandible of a large puma from the asphalt was selected and 
described as the type of Felis daggettt. 

A well-preserved skull of a puma from the Pleistocene deposits of Samwel 
Cave, Shasta County, California, is mentioned by Bovard (1907, p. 165). 
Two types of pumas ' were recorded by Stock (1918, pp. 481-486, figs. 4a, 4b, 
5 and 6) in the Hawver Cave fauna of Eldorado County. Among the materials 
secured during the early stages of the excavations in the asphalt deposits at 
McKittrick, Kern County, were skull remains of the large true cat, Felis atrox, 
and of a puma evidently distinct from the modern California form.* The lists 
which record the mammals known from the Upper San Pedro Pleistocene of 
Los Angeles County include the genus Felis, but the specific type remains too 
incompletely known to permit of much information regarding its relation- 
ships. 

In the Great Basin Province of western North America large cats of the 
Felis atrox type have been described by Merriam (1915, p. 380, fig. 1) from 
Astor Pass, north of Pyramid Lake, Nevada. A recent review by Elftman °* of 
the mammalian fauna of Fossil Lake, Oregon, reveals a fragmentary record 

+The species Felis hawveri was established principally on the basis of peculiar shape of angle in the type 
specimen, a ramus of the mandible, No. 10636 Univ. Calif. Coll. Further acquaintance with the puma group 
has emphasized the fact that the particular structure of the angle seen in this specimen is an abnormal feature. 
Other than this character there are no notable differences between the type and the modern species Felis con- 
color. No. 10636 is referred therefore to the latter form. 


?Merriam, J. C., and C. Stock, Science, n.s., vol. 54, pp. 566-567, 1921. 
° Elftman, H. O., Amer. Mus. Novitates, No. 481, 21 pp., 10 figs. in text. 
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of the cat group. One of the forms found here is intermediate in size between 
the puma and Felis atrox. Possibly its relationships are with individuals 
formerly included in the species Ff’. imperialis. A cat smaller than the cougar 
is also recorded. 


PLEISTOCENE SABRE-TOOTH CATS OF NORTH AMERICA 


Several distinct genera of sabre-tooth cats have been described from the 
Pleistocene of North America. These include Trucifelis Leidy, Dinobastis 
Cope and Smilodontopsis Brown. Under the genus Smilodon Lund have come 
to be recorded four species, namely S. fatalis (Leidy), S. floridanus (Leidy), 
S. califormcus Bovard and S. nebrascensis Matthew. 

The species Smilodon fatalis (Leidy) was described from Hardin County, 
Texas. The type description (Leidy, 1868, pp. 175-176) follows: 


Feris (TRUCIFELIS) FATALIS, N. S. 

An upper sectorial molar, contained in a small fragment of the jaw, which also 
includes the socket for a single fanged tubercular tooth. The specimen is thoroughly 
saturated with bitumen. 

The sectorial tooth indicates a feline animal, approaching in size the lion or 
Bengal tiger. The form of the tooth is nearly like the corresponding one of the latter 
animals, but the crown is of less width and proportionately longer. The anterior 
lobe differs from that in the true cats not only in a greater proportionate develop- 
ment, but in its distinct separation in two sub-lobes, of which the anterior is rather 
more than half the depth of the succeeding one. The measurements of the tooth, in 
comparison with those in a similar one of a large skull of the Bengal tiger, are as 
follows: 


Fossil Tiger 
IBFREACKIN Oi GROWN oo caccocccg0ea000 1534 lines (33.4 mm.) | 18 lines (88.2 mm.) 
Depth of anterior lobe.............. a S GAS yl WA (Mi~, Sj 
Depth at principal cusp............. 9 Sh LOND ale a) LO. er AGI tL gee) 
Depth of posterior lobe............. Qe TRS © ji & 4s) 
Width at antero-internal abutment..| 744 “ (16 SY || BZ (18 5) 


Associated with this form are recorded the species Equus complicatus, 
Mastodon americanus, Megalonyx validus, Canis and Emys petroler. . Evi- 
dently the collection was secured at a locality in the vicinity of Sour Lake. 
The type of Trucifelis fatalis was later described again and figured by Leidy 
(1869, pp. 366-367, pl. 28, figs. 10, 11). 

The tooth present in this specimen represents a right P4. The correspond- 
ing tooth in the smallest skull of Smilodon californicus from Rancho La Brea is 
considerably more worn than the type of Smilodow fatalis. It is also more 
robust and the prostyle' is less well developed than in the latter. While 
there is close agreement between the two specimens in width across protocone, 


1The style in front of the parastyle. 
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length of base of paracone, and length of base of parastyle, the tooth as a whole 
is distinctly smaller and more slender in Smilodon fatalis than in Smilodon 
califormcus. It is a noteworthy fact that the fourth upper premolar, observed 
in skulls of Smlodon californicus from Rancho La Brea, is consistently larger 
than the comparable tooth of the Texan species. As a matter of fact it is 
questionable whether there are any upper fourth premolars of the sabre- 
tooth in the large collections from the California asphalt deposit which ap- 
proach closely in size or at least in anteroposterior diameter the type of 
Smilodon fatalis. Largely on this basis does it appear reasonable to assume 
that the types from Texas and California are not specifically identical. Aside 
from this difference the characters displayed by P4 in Smzlodon fatalis offer 
nothing of value to exclude the species from the generic group to which the 
Californian species belongs. 

One may infer from a statement made by Cope (1880, vol. 14, p. 857) 
that a specimen collected in southwestern Texas and sent to him by G. W. 
Marnock was regarded as belonging to this species. Cope describes the ma- 
terial as follows: “It consists of that portion of a cranium, which is posterior 
to the orbits, and represents an animal of the size of the S. necator, or of a 
large tiger. The positions of the foramina and the conjunction of the post- 
tympanic and postglenoid processes are as in the S. necator.” 

More recently Lull (1921, pp. 160-163, fig. 1) has described the occipital 
portion of a sabre-tooth cat skull from the Dallas sand pits of Texas and has 
referred to this specimen as Smilodon cf. fatalis (Leidy). It is evident from 
his description that the mastoid process has not fused with the postglenoid 
process to close the auricular fossa below. In conclusion Lull states: 


“The Dallas specimen differs from S. californicus not only in its lesser size, but in 
its relatively narrower occiput, the proportions of which compare more nearly with 
those of the tiger. The brain-case, on the other hand, is relatively larger in the Texas 
specimen, and the sagittal crest thinner; another distinction lies in a sharp thin vertical 
keel on the basi-occipital in S. californicus. Some of these details, as in the more power- 
ful occiput and greater size of the latter, may indeed have been sexual, but the assumption 
is that the species are distinct. I have, however, no assurance that the Dallas specimen 
is distinct from S. fatalis, with the proportions of which it approximately agrees. The 
discovery of a carnassial attached to the cranium in the Dallas sand pits alone can give 
assurance of identity or disagreement. Until then, this specimen must be referred pro- 
visionally to Leidy’s species, and as it gives additional characters to those furnished ay 
the original type, may be considered the plesiotype thereof.” 


Through courtesy of Mr. Carl Boyer, director of the Wagner Free Insti- 
tute of Science, Philadelphia, it has been our privilege to study the type speci- 
men of Smilodon floridanus. The fragmentary skull representing the type, 
No. 4072 Wag. Free Inst. Sci. Coll., came from Ocala, Marion County, Florida, 
and was described by Leidy (1889, pp. 13-16, pl. 3, fig. 1). The type, Plate 11, 
evidently resembles Smilodon californicus very closely in its structural char- 
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acters. Obviously belonging to an adult individual, with permanent teeth 
present and with a number of the principal sutures closed in the skull, S. flori- 
danus approaches in size individuals that are below rather than above those 
of average size from the asphalt deposits. 

In discussing the relationships of the Pleistocene sabre-tooth cat of Cali- 
fornia, Bovard (1907, pp. 160-161) concluded that the skull of Smilodon 
californicus varied chiefly from that of S. floridanus in the presence of a 
shorter muzzle, more posterior position of the posterior nares, and possibly 
by the ridges on the palate. Aside from these characters Bovard recognized 
the close resemblance between the two species in structure of skull. 

With the large series of skulls now available from Rancho La Brea, it be- 
comes evident that the two species can not be distinguished on the basis of the 
characters selected by Bovard. Thus, for example, the length of the face (as 
measured from the anterior end of the premaxillary to a line tangent to the 
posterior surfaces of the maxillary parapets) relative to the length of the 
skull (as measured from the anterior end of the premaxillary to the posterior 
side of the occipital condyles) is not noticeably different in S. californicus from 
that in S. floridanus. In skull 2001-113 these measurements have the ratio 
130:279, whereas in S. floridanus the ratio is 131: 285. Computed in terms 
of 100, the Rancho La Brea skull gives a value of 47, while the type of S. 
floridanus gives a value of 46. The comparable value in both the largest and 
smallest skull from the asphalt is 46. Moreover the position of the postnarial 
notch or the posterior nares in S. californicus is like that in the Florida species 
and the development of the ridges on the palate is similar in the two types. 

The principal difference between the forms from Florida and California 
appears to be expressed in the region of the mastoid process. In S. californi- 
cus two rather well-defined areas can be discerned on the mastoid, namely an 
antero-distal and a postero-lateral. The latter forms a roughened surface, de- 
pressed somewhat longitudinally and generally clearly defined by an antero- 
dorsal and a postero-ventral border. The latter border separates this surface 
from a smoother surface which extends inward and backward to form the 
ventral side of the otic bulla. The oblique forward trend of the mastoid proc- 
ess in S. californicus is clearly seen in side view. 

In S. floridanus the mastoid process, when viewed from the side, appears 
to turn more noticeably downward and to project less directly forward than 
in the species from Rancho La Brea. There are specimens available from the 
asphalt in which, however, the direction of the process approximates some- 
what that in the Florida skull. In addition to the possible difference expressed 
in attitude of the process, the postero-lateral rugose area is much narrower in 
the skull of S. floridanus, while the major portion of the posterior surface is 
quite smooth. This difference is presumably not due to age for it is to be 
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noted when comparisons are made with skulls of both adult and young in- 
dividuals from Rancho La Brea. 

The occiput has essentially the characters seen in skulls of S. californicus. 
The depression on each side of the median crest extends farther down toward 
the foramen magnum than is usually the case in the latter type. The jugal is 
relatively deep and in its diameter below the orbit is more nearly like that 
in considerably larger skulls of S. californicus. 

A fourth species from the Pleistocene of North America to be assigned 
to the genus Smilodon is S. nebrascensis. This type was described by Matthew 
(1918, pp. 228-229) and consists of a lower jaw from the Hay Springs 
Quarry, Sheridan County, Nebraska. The type was not figured. Dr. Matthew 
describes the specimen as follows: 


“The postcanine diastema is decidedly shorter than S. californicus jaws with which 
I have compared it, the cheek-teeth about the same size, canine and incisors more robust. 
The specimen is not comparable with S. floridanus (type a skull with alveoli of upper 
teeth) although it accords in size. It is incommensurable save as to size with S. fatalis 
of Texas. Dinobastis and Smilodontopsis appear to be more specialized types of denti- 
tion, the cheek teeth more compressed and extended. Machxrodus ?, merceri and 
gracilis and all other species of Machxrodus are separated by the presence of P3, 
deeper flange, etc.” 


He remarks furthermore: 


“T cite this as a new species but much doubt whether it is more than a geographic 
variant of the californicus-floridanus-fatalis group. Its interest is in its occurrence in 
the typical Hay Springs Pleistocene, correlated with the Aftonian of Iowa, and represent- 
ing the Lower Pleistocene fauna of the Plains.” 


The genus Dinobastis was based by Cope (1893, pp. 896-897) on several 
teeth and skeletal elements found in western Oklahoma. With these specimens 
occurred the remains of an elephant (Elephas columbi). In the following year 
Cope (1894, pp. 454-456, pl. 21, figs. 1-13) described the cat material again 
and figured the specimens. While recognizing the similarity between Dino- 
bastis and Smilodon, Cope noted that in the former the superior carnassial 
lacked the inner root. Among the specific characters by which Dinobastis 
serus differs from known sabre-tooth cats, those based on the dentition were 
stated by Cope to be as follows: 


“The canine teeth are large, with elongate compressed crowns, a little more convex 
on the external than the internal face. The cutting edges are finely serrate. The anterior 
edge differs from that of the Smilodon neogeus in that it turns inward toward the base 
of the crown, presenting inward. In the S. neogxus this edge is not incurved. The 
superior sectorial has a large anterior basal lobe and a rudiment of a second at its 
anterior base. It does not attain the importance of a lobe, as it does in the S. fatalis. 
The part of the crown anterior to the paracone forms about one-fourth of the longitudinal 
extent of the crown; in the S. fatalis, it forms about one-third. The paracone is promi- 
nent, and is strongly convex on the external face. The metacone has a nearly straight 
edge, and its external face displays a shallow vertical groove near the middle. The 
long diameter of its base is 1.5 as great as that of the paracone. The crowns of the 
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external incisors are oblique, and slightly incurved; they have robust cutting edges, 
which are finely serrate, and no basal lobes. The incisors 1 and 2 have small conic lobes 
at the base of the crown, which are well separated from each other at their bases. Those 
of I. 1 are subequal, while the external of I. 2 is smaller than the internal, and nearer 
the base of the crown. The crowns proper of 1 and 2 are acutely conic with semicircular 
section, the posterior face being flat. The edges of I. 2 are feebly crenate; those of 
I. 1 are smooth.” 


The principal character distinguishing this form is the absence of the 
inner root in P4. Normally this root supports the protocone. In Smilodon 
californicus the inner cusp is considerably reduced or absent, but the fang is 
always present. Although no specific mention is made of P3, a tooth figured 
by Cope (1894, pl. 21, figs. 6, 6a) may belong in this position. The specimen 
is Single-rooted with principal cusp relatively high and without anterior and 
posterior basal cuspules. 

While Cope speaks of the canine teeth of D. serus as being of large size, 
the illustrations clearly show that the upper canine tooth possessed a crown 
distinctly shorter than that in Smilodon californicus. While the individual 
represented is not fully adult, the canine is quite evidently not of the milk 
dentition. Judging from Cope’s description and illustrations (Cope, E.D., 
1894, pl. 21, figs. 4a, 4b) the anterior serrate border of this tooth swings in- 
ward more noticeably in its upward course than does the comparable border in 
the Californian form. In the first and second incisors the posterior basal 
cusps are situated farther apart than in the comparable teeth of S. californicus. 

An upper canine tooth of small size, found in a cave near the village of 
Bulverde in the northern part of Bexar County, Texas, and figured by Hay 
(1920, pp. 107-108, pl. 28, fig. 4) was referred to this species. Skeletal re- 
mains from the Texas locality were later described by Hay (1921, pp. 142- 
148, pl. 5, figs. 1 and 2) and provisionally assigned to Dinobastis serus. The 
upper canine tooth figured by Hay is evidently not a milk tooth. The crown is 
apparently distinctly shorter than in S. californicus and the serrations, par- 
ticularly those of the anterior border, are well defined. 

The smilodont cats described by Brown (1908, pp. 188-191, pl. 19) from 
the Pleistocene deposit of Conard Fissure, Arkansas, as of the genus Smilo- 
dontopsis include the two species S. troglodytes and S. conardi. On the basis 
of the available material, this genus is regarded as differing from the South 
American Smilodon in the presence of an entepicondylar foramen in the 
humerus. In this particular character Smilodontopsis is like Smilodon calt- 
fornicus. 

Passing for a moment the status of Brown’s genus in the light of present 
studies, let us consider the characters of the two species of smilodonts re- 
corded from the Conard cavern. Among the materials described under the 
species S. troglodytes, the upper carnassial is regarded particularly as furnish- 
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ing characters distinguishing this type from other sabre-tooth cats of the 
North American Pleistocene. P4 is stated by Brown to possess a well-developed 
metacone which is relatively greater than in Trucifelis fatalis. The external 
face of the paracone is flatter than in Dinobastis serus, and the inner face is 
nearly straight without sign of tubercle (protocone). The parastyle is large 
and high and the prostyle (preanterior cone) is a well-developed tubercle 
which is not so large as in Trucifelis fatalis, although the tooth is much longer 
anteroposteriorly. Smilodontopsis troglodytes differs from S. conardi in the 
presence of a shallower median depression developed on the external face of the 
metacone. The paracone is likewise relatively better developed in the former 
species than in the latter. Evidently the second species, S. conardi, differs 
principally from the first in greater depth of the median depression on the 
external surface of the metacone in P4 and in the relatively small size of the 
prostyle in the tooth. Viewing the large series available from Rancho La 
Brea and the variability of the fourth premolar with regard to the two char- 
acters indicated above, it would appear entirely possible that individual rather 
than specific differences are in reality expressed by these two types. As has 
been stated by Brown, several skeletal elements referred to S. conardi may 
pertain equally well to S. troglodytes. We therefore propose to recognize but 
one type of sabre-tooth cat from the Conard Fissure, namely Smilodontopsis 
troglodytes Brown. 

An interesting character noted in the description of the material from 
Conard Fissure is the presence of P3. This tooth is usually absent in Smilodon 
californicus, occurring in approximately six per cent of the specimens found 
at Rancho La Brea. The occurrence of the tooth in so few individuals of 
S. califormicus and the record of P3 in jaws from the Conard Fissure locality 
suggest that the tooth was more frequently developed in the Arkansas form 
than in the type from California. Moreover, its presence may have been 
typical in Smilodontopsis. While single-rooted, the crown of P3 shows as a 
rule less reduction than in the comparable tooth when present in S. californicus. 
According to Brown: “P38 is single-rooted and oval in outline, with the in- 
ternal face flattened; the middle cone is oblique and strongly inclined back- 
wards and inwards; the apex of cone above the base of crown, inside measure- 
ment, is equal to the transverse measurement of the tooth at this point; there 
is a distinct anterior basal cone about half the size of the posterior basal cone. 
Two other separate teeth, P3, show the same characters.” In P3 of S. cali- 
fornicus the crown is certainly not of this type, and the principal cusp as well 
as the accessory cuspules are considerably reduced. In these characters 
Smilodontopsis appears to be distinctly more primitive than the species from 
Rancho La Brea. 
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Several elements of the feet of S. conardi are available for comparison. 
These represent specimens 11786, 11787 and 11792 of the American Museum 
Collections. The scapho-lunar, Nos. 11786, 11787, is of relatively small size 
but resembles more closely in structure the comparable element in the sabre- 
tooth than that in the true cats. In anterior or dorsal aspect the surface be- 
tween the articulating faces for the radius and trapezoid is narrow in proximo- 
distal direction relatively perhaps more so than in Smilodon californicus. The 
palmar border of the surface for the magnum does not show the characteris- 
tic notching seen in specimens from the asphalt. 

Metapodials representing front and hind feet are somewhat longer than 
the comparable elements of minimum size from the asphalt. These specimens 
range between metapodials of minimum and average size from Rancho La 
Brea, and are considerably larger than specimens referred to Smilodon cali- 
fornicus brevipes. Compare the measurements of Smilodontopsis conardi 
given below with those of the species from California. 


Measurements (in millimeters) of metapodials of 
Smilodontopsis conardi Brown, No. 11792 Amer. Mus. 
Metac.| Metac.| Metat. | Metat. | Metat. 
II V II IV V 
Greatest ene theaneeeeeetenee 79.1 67 79.2 91 76.6 
Greatest transverse diameter 
Ofsproximaliendesn a eensnenE 20.5 22.3 17.4 15.5 
Greatest dorsoventral diameter 
Ofgproxam alten d aan 27 .2 2B} 83 Stee 26.1 20.2 
Transverse diameter at middle 
HELE Ro pdonaonouneecus 15.8 33,33 13.3 14 10 
Dorsoventral diameter at mid- 
dlevofishaltheseeeeeeeeneae 53, 12.8 12.4 14.7 179533 
Greatest transverse diameter 
at distal end of shaft........ 23.6 20.1 20.8 20.2 17/68 


Structurally these metapodials bear considerable resemblance to the 
comparable elements in Smilodon californicus. 

All the characters, with one exception, which Brown (1908, p. 188) re- 
garded as generically distinctive of Smilodontopsis are found to apply equally 
well to Smilodon californicus. The single exception, namely the presence and 
character of P3, has already been commented upon. As noted above, this tooth 
may have been more commonly represented in Smilodontopsis than in the 
Californian form. The close similarity between the types from the asphalt 
and Conard Fissure may warrant an assignment of the species from Rancho 
La Brea to the genus Smilodontopsis. 

Unless characters can be ascertained which distinguish Brown’s genus 
from the Pleistocene sabre-tooth of California, the validity of the former type 
and a further use of its generic name hinge upon definite allocation of the 
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Rancho La Brea species. If the latter can be assigned unequivocally to the 
genus Smilodon Lund, then there is evidently no reason for entertaining the 
view that the species should be included in Smilodontopsis. Should it be de- 
termined, however, that Smilodon californicus is generically distinct from the 
South American types, the name Smilodontopsis may be applicable to this form 
unless a sufficient number of characters is known to separate the two or some 
other name has priority. The characters exhibited by Trucifelis fatalis re- 
semble closely those seen in S. californicus, and the two forms have come to be 
regarded as belonging to the same genus. Thus the name Trucifelis has pre- 
cedence over Smilodontopsis. 

On the other hand, Smilodontopsis may resemble the sabre-tooth cats 
described by Cope from the Pleistocene deposits of Port Kennedy cavern, 
Pennsylvania, in characters in which it differs from Smilodon californicus. 
Definite assignment of Cope’s species Machexrodus (Smilodon) gracilis and 
M. (S.) mercerti to Smilodontopsis has been made already by Brown. While 
serious question may be raised as to the validity of specific separation of the 
two types recorded from Port Kennedy Cave, the characters displayed by both 
forms certainly indicate the presence of a sabre-tooth cat distinct from that 
recorded at Rancho La Brea. 

The species from the Pennsylvania locality were described and illustrated 
in the published, uncorrected manuscript of Cope (1899, pp. 239-247, pl. 20). 
Through courtesy of Mr. Childs Frick the authors have had available also for 
comparison an excellent cast of the type of S. gracilis. This form is charac- 
terized by teeth distinctly more slender than those of Smilodon californicus. 
The principal characters, however, on which a subgeneric or a generic separa- 
tion can be made from the sabre-tooth cat of the California Pleistocene, are 
(1) presence of P3, and (2) greater inferior development of the forward flange 
of the mandible. To these may be added the noticeably smaller size of the 
lower canine. This tooth is only slightly more massive than the lateral incisor, 
whereas in Smilodon californicus the lower canine is distinctly larger. These 
characters are exhibited not only by S. gracilis, but also by S. mercerit. 

Unfortunately the anterior portion of the lower jaw is not preserved in 
Smilodontopsis conardi and we are therefore unable to record the character 
of the mandibular flange. As indicated above, P3 is present in Smilodontopsis. 
Brown states that in S. conardi the lower canine is small and probably slightly 
larger than the incisors. He notes furthermore that the species from the 
Port Kennedy Cave are smaller than the types described from the Conard 
Fissure. 

In character of dentition, presence of P3, and development of mandibular 
flange the types from Arkansas and Pennsylvania appear to be more primitive 
than S. californicus. Possibly these characters are indicative of difference 
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in time of accumulation of the eastern cave deposits and the asphalt beds of 
California. It appears not improbable that one of the last and most specialized 
members of the sabre-tooth cat group in North America, represented by Sm- 
lodon californicus, may have evolved during the Pleistocene from a type pos- 
sessing the characters of the species found at Port Kennedy Cave. 
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ig. 1—Topographic map of Rancho La Brea showing location of principal excavations of the 
Los Angeles Museum and University of California. 


In summary, the sabre-tooth cats of the North American Pleistocene 
may be grouped as follows: 
Genus Smilodon Lund 
This group is recognized in the broad sense in which it has been recently con- 
sidered by Matthew (1929). It includes the South American type and allied forms 


as well as the North American species. Matthew recognizes the genus as occurring 
also in the Pleistocene of the Old World. 


Subgenus Trucifelis Leidy 


Under this division are included the sabre-tooth cats Smilodon fatalis, S. flori- 
danus, S. californicus and S. nebrascensis. Collectively, these forms appear to be, in 
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at least one character, less specialized than Dinobastis, and in several characters 
more advanced than Smilodontopsis. 
Subgenus Dinobastis Cope 


Type of Dinobastis serus from western Oklahoma; referred material from 
northern Texas. 


Subgenus Smilodontopsis Brown 
Represented by Smilodontopsis troglodytes from the Conard Fissure, Arkansas, 
and possibly by S. gracilis (Cope) from the Port Kennedy Cavern, Pennsylvania. ' 
The Californian type Jschyrosmilus ischyrus, from the late Pliocene or 
early Pleistocene, is certainly generically distinct from the sabre-tooth cats re- 
corded by Cope from Port Kennedy Cave, and should not be included in the 
Smilodontopsis group as advocated by Brown. 
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The following felid forms are now recognized in the Pleistocene fauna of 
Rancho La Brea: 
Smilodon californicus Bovard. 
Smilodon californicus brevipes, n. var. 
Felis (Panthera) atrox Leidy. 
Felis daggettt Merriam. 
Felis bitwminosa, n. sp. 
Felis concolor Linneus. 
Lynx rufa fischert Merriam. 


Among the larger mammals occurring at Rancho La Brea, the cats rank 
next to the canid tribe in number of individuals recorded in the asphalt 
deposits. A recent attempt to make a census of the mammals found at this 
locality (Stock, 1929) reveals an inordinately large group of these carnivores 
in the fauna. Doubtless the factors which in large measure influenced or 
controlled the representation of certain members of the Canidz were equally 
responsible for the remarkable frequency of occurrence of such types as the 
sabre-tooth cats. 

In number of individuals present, Smilodon bears a relationship to other 
types of cats similar to that which A4’nocyon exhibits within the canid family. 
Unquestionably the dominant feline in the fauna, the sabre-tooth cat over- 
shadows in numbers the great lion-like form and the cats of lesser size. 
Clearly apparent is also the fact that the puma and wildcat were not nearly 
so abundant as the species Felis atrow. 

Of some interest is the distribution of the various types of cats in the 
individual pits excavated by the Los Angeles Museum.’ Considering only 

+0. P. Hay (Proc. U. S. Nat. Mus., vol. 58, p. 107, pl. 4, figs. 21, 22, 1920) has described the species 
Smilodontopsis mooreheadi from the Pleistocene of Maryland. 


* For additional information regarding the occurrence of mammals at Rancho La Brea, see C. Stock, Cenozoic 
Gravigrade Edentates of Western North America, etc., Carnegie Inst. Wash. Pub. No. 331, pp. 30-33, 1925. 
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those pits from which the Museum secured large collections of osseous remains, 
namely Pits 3, 4, 18, 60, 61, 67 and 77, a record of the number of individuals 
encountered in each excavation, although not based on complete counts, may 
still afford valuable means for determining the relative abundance of indi- 
vidual forms during the periods of accumulation. A number of skeletal ele- 
ments were selected and counts were made with special reference to the occur- 
rence of these bones in the individual excavations. While the average num- 
ber of individuals (645) from the seven pits is probably distinctly less than 
the total number of sabre-tooth cats on record, the numerical results are per- 
haps sufficiently large to warrant the conclusions which may be drawn from 
them." 
The following table gives the results for Smilodon. 


Taste 1—Distribution of Smilodon in Pits 3, 4, 13, 60, 61, 67 and 77 


Pit Rt. Rt. Rt. Lt. Lt. Lt. Lt. Rt. Rt. Lt. Lt. Lt. Average Pee 
No Metac.|Metac.| Metac.|Metac.|Metac.| Metac.| Metac.| Metat./ Metat.|Metat.|Metat.|Metat.| Totals} No. In- eesntine 
; IT IV W II Ill IV V IV V III IV V dividuals 
} 
| | | | : 
Booool| Zell 270 257 247 216 252 246 250 240 276 256 214 | 2985 | 248.7 | 38.6 
Ate: 85 66 68 74. 61 82 78 74 79 55 66 65 853 71 11 
NBs 0.00 36 41 36 31 42 35 30 40 30 40 37 33 431 35.9 5.5 
GDso00 7 1 4 7 5 4 7 7 6 4 7 4 63 5.2 81 
Gis ooc 71 69 60 64 56 68 57 74 50 88 67 62 787 65.5 | 10.2 
OY aoc 92 79 93 102 105 94 87 92 110 92 127 80 | 1153 96 14.8 
Wasco W255 125 131 140 | 142 117 134 104 103 124 120 105 1470 122.5 | 18.9 
| Totals| 677 | 651 | 649 | 665 | 627 | 652 | 639 | 641 | 618 | 679 | 680 | 563 | 7741 | 645 99.81 
| | | | | | | 


Arranged in the order of decreasing abundance of individuals the infor- 
mation regarding the occurrence of Smilodon may be summarized as follows: 


Eel GaN Osa eee eee 3 TU OY 4 61 13 60 
IReECentay cue axe6) iss) 4b ts GL O45 SIL 


Considering the seven excavations which are listed, it is seen that the 
largest number of sabre-tooth cats are recorded from Pit 3, while the counts 
which were made of specimens excavated in Pits 77, 67, 4 and 61 reveal like- 
wise a relatively large number of individuals. Distinctly fewer individuals are 
on record from Pit 13, and particularly from Pit 60. Apparently the size of 
the individual pit does not govern entirely the relative abundance of indi- 
viduals occurring in the asphalt mass. As indicated previously (Stock, 1925, 
footnote a, p. 32), the excavations conducted in Pits 61 and 67, while initiated 
separately at the surface, soon developed into a single project, suggesting 
rather strongly that the pools responsible for these deposits were either con- 
nected or closely associated during their history. Yet from this combined 


1More complete counts will doubtless bring to light many interesting facts concerning the distribution of 
representatives of the Rancho La Brea fauna in the various excavations at this locality. 
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source, with a mass probably in excess of that presented in Pit 3, has come 
a record of sabre-tooth cats somewhat less than that from the latter exca- 


vation. 


CANIDAE 


(MEGATHERIIDAE) 


(ELEPHANTIDAE) 
(MASTODONTIDAE) 


Oy 
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(URSIDAE) 


FELIDAE 


2—Diagram showing relative number of individuals in the mammalian families 
(except rodents, lagomorphs, insectivores and bats) occurring in the Rancho La Brea 
Representation of the Felidae is exceeded only by that of the 


Fig. 


Pleistocene fauna. 
Canidee. 


Strikingly apparent is the decidedly sparse representation of Felis atrox 
at Rancho La Brea in contrast to that of Smilodon. An attempt to determine 
the distribution of individuals of this species in the more productive pits must 
await the gathering of more complete data. While the results given in table 2 
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are based on limited evidence, they are offered as a tentative basis for 
comparison with those secured from a survey of the distribution of Smilodon. 


Tasty 2—Distribution of Felis atrox in Pits 3, 4, 13, 60, 61, 67 and 77 


Rt. Rt. Lt. Lt. Wats Lt. Rt. Rt. Rt. Rt. verge Per- 
Pit No. |Astrag-| Cal- | Metat. | Metat.| Metat.| Metat.| Metac. | Metac.| Metac.| Metac.| Totals ia cent- 
alus |caneum V IV III II V Vi II IIl i age 
viduals 

Opie 10 6 12 12 9 9 10 6 11 9 94 9.4 32.3 
Ae a 1 2 3 4 5 4 4 6 3 1 33 3.3 11.4 
WBococc 2 1 1 2 4 3 3 2 ems lena otatates 21 Pel CX 
(aX OSes ler rote, ater lesen 2 2 1 ine ears Gee % HO | resace ene 1 9 9 Ol 
(oh ero 3 4 6 4 5 5 7 7 4 6 51 5.1 17.5 
GY (Site ap 8 5 6 6 ao 6 6 7 62 6.2 21.3 
Uhes aeollard ooa.ae 1 2 il 1 2 2 4 21 25! Coe} 
Totals} 24 18 33 32 31 31 34 30 30 28 291 29.1 100.0 


In the order of decreasing importance the percentages of individuals in 
the seven pits arrange themselves as follows: 


LET INO come ao 67 61 4 77 13 60 
Percentage | poms Oo) Als) Ios) Wh eH Bl 


Fig. 3—Comparative study of head in (A) sabre-tooth cat (Smilodon californicus Bovard) and (B) great true 
cat (Felis atrox Leidy). Anterior views, greatly reduced and not to same scale. Restorations by Charles R. 
Knight under direction of J. C. Merriam. 


Perhaps all that may be claimed from this survey of the distribution of 
Felis atrow is the recognition of the latter type as a member of the typical 
Rancho La Brea mammalian fauna. It is interesting to note that when the 
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percentages are combined for excavations 67 and 61 the total is greater than 
that recorded from 3. In this feature the result differs from that obtained 
from a representation of the sabre-tooth cats. Though definitely a contempo- 
rary of Smilodon, the sparse representation of the great cat can only be inter- 
preted as indicating that this feline did not haunt the borders of the tar pools 
as persistently as the sabre-tooth. 

The material record of the smaller cats, like the puma and wildcat, fails to 
show an abundance of individuals comparable to that of Felis atrow. Remains 
of the mountain lion appear to have been recorded in all of the more important 
excavations, while those of the wildcat may have been similarly distributed, 
though perhaps more commonly represented in the deposits of Pits 4 and 16. 


HABIT AND HABITAT OF SMILODON AND OF FELIS ATROX 
AS SUGGESTED BY OCCURRENCE AT RANCHO LA BREA 


The striking difference in representation of the two dominant feline types 
in the Rancho La Brea fauna can only be accounted for by assuming ecologic 
conditions at this particular locality more favorable to one group than to the 
other. A conservative estimate would seem to indicate that in the assemblage 
the sabre-tooth cats outnumber the true cats of the Felis atrow type approxi- 
mately 30 to 1. Doubtless the numerical relationship does not express the 
actual representation of the sabre-tooth cat and true feline during this stage 
of Pleistocene time in the Californian area, but results largely from the con- 
ditions, physical and biotic, which prevailed at the specific locality of Rancho 
La Brea. It appears quite possible that in the region away from the pools, 
the lion-like form was more nearly a dominant type than the sabre-tooth cat. 
As a matter of fact, in Pleistocene faunas recorded from western North 
America, felines of the true cat tribe are of more common occurrence than 
those of the smilodont type. 

Pleistocene occurrences of sabre-tooth cats are frequently identified with 
cave or fissure accumulations, although representatives of the group are not 
restricted to fossil assemblages found in such deposits. While remains of 
sabre-tooth cats have been found in cave deposits of California, Texas, Arkan- 
sas, Pennsylvania and Florida, such materials have been encountered at other 
localities in wholly different types of sediments. The susceptibility of this 
animal to the attractions offered by brea accumulations appears to be em- 
phasized by the occurrences in California and Texas. On the other hand, Felis 
atrox may be regarded as a species occurring normally in faunas of the plains, 
although its range may have extended well beyond this environment, in some 
instances reaching into forested and more rugged upland areas. 

The unusually large number of individuals of Smilodon found in the 
asphalt, and representing doubtless both sexes as well as animals ranging in 
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Fig. 4—Comparative study of head in (A) sabre-tooth cat (Smilodon californicus Bovard) 
and (B) great true cat (Felis atror Leidy). Lateral views, greatly reduced and 
not to same scale. Restorations by Charles R. Knight under direction of J. C. Merriam. 
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age from youth to maturity and old age, indicates quite certainly a persistent 
representation of this predator about the borders of the pools during the active 
periods of the tar traps. Whether or not Smilodon possessed greater or less 
fecundity than the true felines can not of course be determined. It is con- 
ceivable and perhaps not unduly speculative to assume that with a relatively 
short period of maximum efficiency in the use of the biting mechanism, predi- 
eated by a long series of steps which brought about the remarkable specializa- 
tions seen in this form, an increase in number of offspring would have been 
found useful as a compensatory feature offsetting in a measure these racial 
and individual disadvantages. 

Aside from this it is true that both old and young fell victims to the tar 
traps, but with a majority of individuals taken apparently from within or 
close to the stage of maturity. Accustomed as they were in the Pleistocene 
to feeding on the thick-skinned, cumbersome, herbivorous mammals, develop- 
ing an attack, perhaps from ambush, adapted particularly to a slow-moving 
target, the sabre-tooth cats doubtless found at and in the tar pools an added 
as well as an easier prey. So exceptional were the inherent characters of these 
traps, that the occasion of miring and holding animals in the tar frequently 
possessed a continuity in so far as space and time were concerned. In its 
simplest form, perhaps, one may visualize the miring of a large mammal, be 
it herbivore or carnivore, in the sticky mass, and the subsequent struggle 
which ensued. The lure presented by such a creature in distress would serve 
to bring to these pools numbers of carnivorous mammals and birds. With 
prey more or less fixed and relatively near at hand, no special cunning or 
care was required of the sabre-tooth in the dispatch of its victim. Least of 
all was Smilodon concerned apparently with the dangers which lurked in the 
physical characteristics of the trap itself. A fierce animal with small brain 
and powerful body, this cat was presumably intent on reaching and closing 
with its prey, while in its failure to appreciate the dangers it may have rivaled 
closely the dire wolf. Doubtless these were the reasons chiefly responsible for 
its own high mortality. Along the borders of the tar pools the struggles of 
Smilodon were frequently with members of its own tribe and with other car- 
nivores. Its savage nature is also suggested by the many evidences of disease 
resulting from injury seen in elements of the vertebral column and appendic- 
ular skeleton and to a less extent in the skull. It is a fair assumption from 
evidence available that such troubles were of more common occurrence in 
the sabre-tooth than in the true cats, although they were not lacking in the 
latter. 

An analysis of the structural characters of Smilodon and Felis atrow cleary 
emphasizes the dissimilarities in habits of the two creatures as well as the 
differences in their ecologic relationships. Smlodon approximated in size the 


24 THE FELIDA’ OF RANCHO LA BREA 


AS LPAP LONI : 
oor Binhee tn Oe 
Sea yp renner eT aS 


Fic. 5—Comparative study of (A) sabre-tooth cat (Smilodon californicus Bovard), approx. « 1/13, and (B) 
great true cat (Felis atrox Leidy), approx. X 1/12. Restorations by Charles R. Knight under direction of 
J. C. Merriam, 
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modern lion and tiger, with, however, a body not so high above the ground. 
With a build particularly sturdy in front, the strong front extremities and 
the powerful muscles which operated them denote great striking and grasping 
strength. In the face of this development, the hind quarters appear to be 
relatively slender, although the major hind limb elements are comparable in 
size to those in the large living felines, differing from them most strikingly 
in some of their proportions. In both front and hind limbs the epipodial and 
metapodial segments have been shortened, distinctly more so than in the true 
eats. It is evident that the sabre-tooth was not so fleet of foot as the lion or 
tiger. The shortened tail is also a noticeable difference. With added muscular 
development in front and with a more rigid series of lumbar vertebra, a 
greater strain may have manifested itself in the lumbar region, due to re- 
peated propulsion of the body as the animal leaped on or lunged against its 
prey. It is a curious fact that in this region vertebral lesions resembling the 
so-called spondylitis deformans are particularly prevalent among the sabre- 
tooth cats of the Rancho La Brea fauna. 

In consummating an attack, the head would be drawn back by the power- 
ful muscles lodged in the neck and attached to the occiput, while the lower 
jaw moving through a wide arc permitted the sabre-like canine teeth to func- 
tion as stabbing weapons. The enlarged and strongly developed muscles, 
representing chiefly the sterno-cleido-mastoid group but assisted by the scalene 
muscles of the neck, furnished the equally important downward thrust, aided 
by a backward jerk, which accompanied the stab. With this action doubtless 
an open jagged wound was made. Unquestionably the serrated borders 
of the canines assisted in tearing or ripping the flesh and the scissor-like action 
of the compressed sectorial teeth enlarged the cut. With head buried deeply 
in the side of the victim, doubtless the backward position of the nasal opening 
permitted Smilodon to breathe during the concluding moments of the attack, 
while the heavily corrugated gum which presumably covered the hard palate 
may have been advantageous in blood sucking. 

Sabre-teeth, as weapons of offense and defense, have been evolved on 
occasion in other mammals, but nowhere as in this culminating stage of the 
smilodont cats do we find their use enhanced by the presence of so many 
coordinated structures. This remarkable combination of characters obviously 
permitted a unique dental mechanism to function with superb effectiveness. 
In the action of the several parts of the dentition as here surmised, the lower 
jaw seemingly played a less important role. Yet the formidable row of lower 
incisor and canine teeth belies somewhat the relatively slender structure of the 
mandible in this form. While pronounced grasping strength of the jaws, mani- 
festing itself by ability on the part of the animal to hold and drag heavy bodies, 
was evidently lacking in the sabre-tooth, the strongly developed incisor teeth 
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and their penetrating power may have rendered service when Smilodon shook 
or worried its prey. 

Cast in an entirely different light is the great true cat, Felis atrow. Evi- 
dently not a persistent participant in the struggles about the tar pools, this 
creature succumbed much less frequently in the asphalt than did the sabre- 
tooth. The material record of the presence of F. atrow hardly warrants, how- 
ever, the assumption that these creatures were only sparsely represented in the 
region about Rancho La Brea. Doubtless from time to time the lure of the 
traps attracted these felines to the borders of the pools. Perhaps on occasion 
entire families were mired. 

We are as yet wholly lacking in information concerning the pelage and 
coloration of Felis atvrow. Whether or not these forms were spotted cats, only 
chance and unusual finds of the future may tell. The comparisons of the 
skull certainly indicate that the extinct cat and the jaguar while closely related 
are still distinct types. The tree-climbing habits of the jaguar are well known, 
but this cat is not restricted in its range to the tropical forests at the present 
time. On the other hand, the formidable size of Felis atrow and the elongation 
of its limbs lead one to regard the presumed habits to be more like those of the 
Quaternary lions of the Old World. 

With average size of individual in the Felis atrow group larger than that 
in Felis leo, the extinct cat included types that were fully one-fourth larger 
than living forms. These creatures were comparable in size to the largest 
individuals of the extinct cave lion of the Pleistocene of the Old World. Among 
the carnivores of Rancho La Brea their only rivals in size were the tremarcto- 
theres or short-faced bears. With powerful jaws and teeth, strong body and 
limb, with a litheness, agility and swift-footedness of the large living felines, 
Felis atvox doubtless preyed upon the larger ungulates of the Rancho La Brea 
fauna. In the more formidable male individuals of this species the massive- 
ness of the head is a striking character and the biting strength of the jaws 
was probably tremendous. Such animals with a ferocity like that of the tiger 
might well have attacked herbivores of considerable size. In each instance, 
however, the method of attack was quite different from that of the sabre- 
tooth cat and doubtless resembled that of the true felines. 

An open plain or a rolling country, probably grass-covered and support- 
ing here and there a growth of trees and shrubs, presented in the vicinity of 
Rancho La Brea during Pleistocene time an environment in which one might 
reasonably expect to find such carnivores as the great cat. Recognizing the 
variety and richness of the vertebrate life which prevailed here during that 
period, it appears entirely reasonable to assume a habitat for this type closely 
similar to that in which the lion is found today on the African veldt. The 
similarities in structural characters between the fossil and living lions are 
perhaps sufficiently close to warrant this assumption. 
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CLASSIFICATION AND RELATIONSHIPS OF THE FELIDAt 
FROM THE ASPHALT 


Within the group of Felidze found at Rancho La Brea two major divisions 
are represented, namely the sabre-tooth cats and the true cats. While Smilodon 
represents one of the most advanced and specialized stages in the history of the 
sabre-tooth cat group, the fundamental similarities which exist between this form 
and the true cats lead one to regard both divisions as belonging to a single family. 

While Smilodon and the Tertiary genus Hoplophoneus represent the most com- 
pletely known sabre-tooth cats, an adequate understanding of the development of 
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lig. 6—Smilodon californicus Bovard. Skull, A, dorsal view; B, ventral view. 
Several sutures reproduced from considerably younger skulls than that 
shown. pm, premaxillary; , nasal; mx, maxillary; la, lachrymal; ma, 
malar; fr, frontal; sq, squamosal; pa, parietal; so, supraoccipital; pl, pala- 
tine; pt, pterygoid; vo, vomer; ps, presphenoid; bs, basisphenoid; bo, 
basioccipital; as, alisphenoid; mt, mastoid: ty, tympanic; eo, exoccipital. 
Rancho La Brea Pleistocene. 


the smilodont lineage in time is dependent upon the acquisition of additional infor- 
mation concerning the structural characters of types occurring in America and else- 
where in geologic horizons lying between the early Miocene and the later Pleistocene. 

Ischyrosmilus of the Californian Pliocene is evidently more nearly related to 
the smilodont cats than is Macherodus catocopis. The important differences which 
distinguish the latter form from Smilodon have been clearly enumerated recently 
by Burt (1931). In view of the characters exhibited by the genus Macherodus and 
the noteworthy contrasting features that prevail between this type and the sabre- 
tooth genera including Smilodon, Meganthereon, Hoplophoneus, and Ischyrosmilus, 
it seems hardly fitting to place all these forms in a single subfamily. So distinctive 
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are the differences that if Machxrodus is retained in the group Macherodontine, 
at least one subfamily must be recognized to include the remaining genera. Kretzoi 
(1929) has proposed several subfamily names among which are the Hoplophoneine 
and Smilodontine. In the former are included the genera Hoplophoneus, Eusmilus, 
and Pareusmilus while under the latter are grouped Smilodon and its near allies as 
well as Amphimachairodus and Protamphimachairodus. 

The grouping of smilodont forms in the present review would include under 
the Smilodontine at least the genera Ischyrosmilus, Meganthereon, the character- 
istic sabre-tooth cat of the asphalt and its near allies of the Pleistocene. 

Among the Feline all of the forms with the exception of the wildcat have been 
retained within the generic group Felis. It should be emphasized, however, that the 
larger cats representing Felis atroxw differ in important features from the pumas 
and resemble more the large living felines of the Old World, along with the Pleis- 
tocene F’. spelxa and the jaguars of the New World. Pocock has shown that F. leo, 
F. tigris, the leopard and the jaguar, form a natural division of closely related forms 
for which he accepts the name Panthera. Following Owen, Pocock calls attention 
to the difference in structure of the hyoid apparatus between these larger cats and 
the genotype of Felis catus Linnzus. 

The relationships of Felis atrow to these Quaternary cats of the Old World and 
to the American jaguar make it reasonable to conclude that if generic or subgen- 
eric status is given to the name Panthera this designation should be applied also to 
the larger felids in the Rancho La Brea fauna. It has not been possible, however, 
to demonstrate definitely the characters of the hyoid arch in the forms from the 
asphalt. On the other hand, there seems no urgent need for applying the new gen- 
eric name, Neoleon, to these cats as Kretzoi has done. 


SMILODONTINA OF RANCHO LA BREA 
CHARACTERS OF THE GENUS SMILODON 


Skull with mastoid process greatly enlarged and extending forward close to 
postglenoid process. Posterior root of zygomatic arch greatly extended inferiorly. 
Antero-ventral flange on lower jaw present but not noticeably dependent. Coronoid 


process much reduced; condyle large; angle reduced. Dental formula 2 T pai 1 


Incisors robust; upper canine a long, sabre-like tooth, flattened transversely and 
with serrated front and back edges of crown. P3 with reduced size relative to 
upper carnassial; P4 with prostyle usually present in front of parastyle, protocone 
reduced or absent. Lower canine incisiform; P3 absent or vestigial when present; 
P4 and MI with backward tilt to crowns. Shearing blade of M1 with anterior and 
posterior basal cuspules present or absent. 

Atlas with backwardly projecting transverse processes. Caudal vertebre re- 
duced in size and number generally less than 15. Epipodial and metapodial seg- 
ments of appendicular skeleton shortened with reference to propodial segments. 
Propodial and epipodial elements of front limbs relatively massive. Astragalar 
foramen usually present. 
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SKULL 


The numerous skull specimens ' from the Rancho La Brea locality that have been 
examined illustrate collectively to a remarkable degree all the details of structure. 
As a rule skulls embedded in the asphalt have suffered no distortion from pressure 
or disturbance of the strata and are in practically as good condition for study as 
recently prepared skulls of modern felines. This unusual preservation doubtless 
indicates that no great rock mass has been present above the asphalt deposits to 
cause flattening or vertical compression of included specimens. 


Fie. 7—Smilodon californicus Bovard. Lateral view of skull 
and view of infraorbital region with portion of zygomatic 
arch removed. 0s, orbitosphenoid; pm, premaxillary; n, 
nasal; maz, maxillary; la, lachrymal; ma, malar; fr, frontal; 
sq, Squamosal; pa, parietal; so, supraoccipital; pl, palatine; 
as, alisphenoid; mt, mastoid; eo, exoccipital. Rancho La 
Brea Pleistocene. 


The extent of variation in the skulls is considerable, amounting probably to 
differences as great as have sometimes been considered specific. The gradation in 
skull form between variant types is, however, so close that there may be no valid 
reason to consider them as representing more than sexual or individual characters. 
Fortunately the collection includes skulls of young, adult and old individuals. The 
range in size is shown in table 8, in which are given the measurements of a rep- 
resentative series of 25 skulls, principally of adult animals in which the permanent 
dentition is present. 

The skull considered as a whole is a most remarkable illustration of adaptation 
concentrated on an extreme phase of activity. 

The facial region varies considerably in width among the individuals examined, 
the difference in width of muzzle being possibly due to specific variation or more 


* Unless indicated otherwise all specimens bear the catalogue numbers of the Los Angeles Museum. 
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probably to sexual difference. The form of the muzzle also shows noticeable varia- 
tion according to the condition of the roots of the superior canines. In those skulls 
in which the canine teeth were in full function and normal position in the alveoli 
at the death of the animal, the roots of the superior canines extend practically to 
the extreme upper end of the nasal process of the maxillary, and the prominent 
external swollen tracts produced by these roots reach well above the middle of the 
orbits (see plate 1, figs. 1 and 2). In other specimens (plate 10, figs. 1 and 2) in 
which the canines have been broken off during life and the roots have been largely 
resorbed, or the canines have slipped downward in their sockets during life, the 
swollen tracts on the maxillary are much reduced and the form of the face is con- 
siderably modified. Where this has occurred on one side and not on the other a 
curious asymmetry of muzzle may result. In L. A. Mus. Skull 2001-19 (plate 10) and 
in Univ. Calif. specimen 10832 both canines were broken off before death and the por- 
tions remaining in the jaw are much worn on the broken surfaces. In No. 10832 the 
left canine shows more wear than the right and may have been broken at an earlier 
time. Corresponding to the evidence of wear, the upper portion of the original 
swollen tract on the left side is shrunken and reduced, showing that it was unoccu- 
pied for a long period antecedent to the death of the animal, while the alveolus 
of the right canine is nearly normal. 

The nasal process of the maxillary ends with a transverse truncation (fig. 9A) 
which is almost normal to the long axis of the skull. This truncation is practically 
even with the line of truncation of the posterior ends of the nasals, and is also 
coincident with a line connecting the highest and most nearly approaching points 
on the orbits. No well-defined nasal process of the frontal is present, or there is at 
most a faint salient angle on the line of contact of maxillary and nasal. 

The combined width of the anterior ends of the nasals closely approaches the 
greatest width of the anterior nasal opening. Posteriorly the nasal elements retain 
practically the same width as at the anterior extremity and end with an abrupt 
transverse truncation even with the nasal process of the maxillary and with a line 
connecting the highest points on the orbits. The anterior ends of the nasals are 
deeply notched, the portion external to the notch extending farther forward than 
the median side. The median angles are generally rather sharply bent downward. 

The anterior nasal opening (fig. 9B) is less cordate in cross-section than in the 
true cats. The greatest diameter is reached at about the middle height of the opening, 
and the lower region is rather broadly rounded, instead of narrowed as in the lion 
and tiger. The upper margin of the opening is situated relatively far back, so that 
the plane of the opening faces upward more noticeably than in the lion or tiger. 

In profile the superior outline of the skull is gently convex, the sagittal crest 
generally rising slightly above the frontal region and the nasals sloping gently 
downward and forward from their contact with the frontals. In face view the gen- 
eral outline of the frontal region is strongly convex across the postorbital processes. 
The frontal region immediately behind the postorbital processes may be flat or 
slightly concave. Situated over the anterior end of the frontals, but extending 
mainly over the nasals, there is usually a strongly marked depression 20 to 30 mm. 
wide and 40 to 50 mm. long. The postorbital processes of the frontal are very 
prominent and are usually characterized by the marked convexity of the posterior 
border. 
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The fronto-parietal sutures extend upward almost to the base of the sagittal 
crest on line nearly normal to the superior median line of the skull. At the base 
of the crest, the sutures suddenly turn backward and then forward so that a tooth 
of the frontal projects backward on each side of the base of the crest. At the sum- 
mit of the crest the parietal barely reaches in front a line connecting the straight 
lateral fronto-parietal sutures. 


Fie. 8—View of occiput; ~« 1/3. A, Smilodon californicus Bovard, 
No. 2001-225; B, Felis atrox Leidy, No. 2900-9. m.p., mastoid 
process; pa.p, paroceipital process; pg.p, postglenoid process; t.b., 
tympanic bulla. The posterior processes and tympanic bulla are 
incomplete on the left side of the skull of Felis atroz. Rancho 
La Brea Pleistocene. 


It is a noticeable feature of the frontal region that it is bounded anteriorly and 
posteriorly by almost straight transverse sutures running normal to the median 
superior line of the skull across practically the whole width of the frontal region 
(fig. 6A). 

The parietal elements are rectangular in form, as the anterior and posterior 
sutures are both normal to the median line of the skull, while the squamosal suture 
follows a nearly even curve with that of the sagittal crest (see fig. 7). The sagittal 
crest is more strongly developed than in the lion or tiger, and the middle portion is 
usually elevated slightly above the frontal region. 
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The lambdoidal crest is very prominent and is continued downward to join 
the mastoid region with less reduction in height at the lower end than is shown in 
either the lion or the tiger. The upper or middle portion of the crest is greatly 
thickened, particularly in old specimens, and attains several times the strength 
of the corresponding region in the lion. 

The occiput as seen in posterior view (fig. 8) is broadly rounded above 
instead of narrowly triangular as in Felis atrox, the broader superior region giving 
greater area for the attachment of muscles used in elevating the head. The occi- 
pital crest extends from the superior border of the foramen magnum to the inion 
as an extraordinarily high ridge bordered by cavernous lateral depressions. The 
crest usually maintains nearly the same transverse thickness for the greater part 
of the height and the summit is broadly rounded. Just below the inion there is a 
prominent narrow ridge corresponding to an upward continuation of the middle 
portion of the occipital crest. On either side of this ridge is a very deep, sharply 
incised pit in which the rectus capitis posticus major muscle was probably attached. 
The lower end of the occipital crest is usually nearly smooth and does not show two 
distinct lateral tubercles immediately above the foramen magnum for the attach- 
ment of the posterior occipito-atlantoid ligament as in Recent felines like the lion 
and tiger. 

The region of the basioccipital varies considerably in different individuals. In 
a few specimens the portion situated between the otic bulle is nearly flat anteriorly, 
and a low median ridge is developed in the region between the posterior ends of 
the bullz. In most specimens a strongly developed median ridge extends from a 
point between the condylar foramina almost to the anterior end of the basioccipital. 
The rough surfaces, presumably for attachment of the rectus capitis anticus major 
muscle, are situated close to the median borders of the otic bulle and their posterior 
ends usually extend a little behind the anterior ends of the posterior lacerate fora- 
mina. The posterior portion of the basisphenoid develops a trough-like form in 
accommodation to the uncommon narrowness of the posterior nasal openings. 

The auditory bulle vary greatly in size in different individuals. In some 
specimens (Univ. Calif. No. 10839) the bulla appears only as a slight swelling 
on the inner side of the heavy mastoid process; the swollen tract extends backward 
only as far as the anterior border of the posterior lacerate foramen and scarcely 
protrudes below the level of the opening of the stylomastoid foramen. In Univ. 
Calif. specimen 11256, the bulla is larger than the mastoid process, it extends back- 
ward as far as the posterior border of the condylar foramen, and the strongly 
domed surface protrudes downward almost as far as the lower end of the mastoid 
process. 

In most of the skulls the auditory bulle are apparently intermediate in form 
between those of the two skulls mentioned above, but the average of the specimens 
appears to be much nearer to the smaller form than to the larger. It is doubtful 
whether in any specimen in the collection the size of the bulla exceeds a stage 
halfway between the smaller and the larger form. In nearly all specimens it is 
also noticeable that, as in No. 10839 with the small bulla, the pit for reception of 
the tympano-hyal is separated by quite a distance from the median side of the 
stylomastoid foramen; while in the skull with large bulla, No. 11256, the pit is 
separated from the stylomastoid foramen by a very thin partition. 
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At the forward end of the ventral surface of the bulla and slightly posterior 
to and below the foramen lacerum medius and Eustachian canal a round pit is 
present. This small depression varies considerably in depth, and in some speci- 
mens may be replaced by a shallow concavity. 

The paroccipital process is commonly present, but is developed only as a very 
weak prominence and may almost entirely disappear in some specimens. 

The greatly enlarged mastoid process is lengthened until in some cases it may 
extend downward almost as far as the postglenoid process, although in many speci- 
mens its inferior extension falls considerably short of that of the postglenoid proc- 
ess. The mastoid process also swings forward so that the inferior end almost 
comes in contact with the postglenoid process. Only in rare cases are the two 
processes found to come into actual contact, and in no instance have they been found 
to fuse distally. In skull 2001-77 the anterior end of the mastoid process presses 
forward and to the inner side of the postglenoid process, reaching a point in advance 
of the level of the posterior border of the glenoid fossa. There is still a gap, how- 
ever, between the antero-external border of the mastoid and the posterior surface 
of the squamosal process. 

The attachments of muscles working from the mastoid process seem to be sepa- 
rated on two fairly distinct surfaces, a postero-lateral and an antero-distal. The 
large distal face is always deeply roughened and is usually marked by a trans- 
verse or oblique groove. This surface was probably occupied in large part by the 
sterno-cleido-mastoid muscle which also extended upward over the rough anterior 
edge of the lateral face. 

The remarkable co-ordination of structures in the Pleistocene sabre-tooth cats 
as exemplified particularly by the enlarged mastoid processes and the great stabbing 
weapons represented by the upper canines has been thoroughly appreciated by 
Winge (1895, p. 55, see P.N. van Kampen, 1905, p. 502) and by Matthew (1910, 
1% AVS) 

The internal structure of the ear is clearly shown in dissected specimens (plate 
15, figure 1). The external auditory meatus is generally rather small and takes on 
a tubular form in contrast to the ring-like form of the true felines. The upper side 
of the opening is roofed over very broadly by the ridge connecting the base of the 
zygomatic arch with the mastoid process, while the lower side of the opening is 
enclosed either by the ectotympanic portion of the bulla or possibly by a partial 
coalescing of the basal portion of the mastoid process extending over the ectotym- 
panic region and reaching the postglenoid process. 

As in the true felines the tympanic cavity is divided into two distinct chambers 
by an oblique bony septum, which is so situated that the fenestra ovalis occurs at 
the level of communication between them. The external or vestibular chamber 
is very small. It generally communicates with the inner chamber only by a small 
opening immediately over the fenestra ovalis, and the septum between the two 
chambers is otherwise complete. 

The inner tympanic chamber is very large and is divided into two distinctly 
separated parts which are marked off by a prominent wall or septum which crosses 
the outer side of the cavity at the level of the fenestra rotunda. Apparently this 
septum shifts in relative position with inflation of the bulla. The external divi- 
sion of this chamber is sometimes considerably larger than the internal and extends 
well into the mastoid process, sometimes hollowing out a large part of this process. 
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In a young animal it appears that the mastoid grows over the outer chamber of the 
entotympanic cavity. The septum on the ventral surface seemingly marks the 
inner limit of the mastoid. 
The internal of the two divisions of the entotympanic chamber is opposite the 
outer or vestibular cavity and extends forward beyond this ectotympanic chamber. 
The malleus and incus have been recovered from skulls of Smilodon californicus, 


Fig. 9—Comparative views of skulls of sabre-tooth cat and true cat. <A, C, superior 
view of muzzle; B, D, anterior view; x 1/4. A, B, Smilodon californicus Bovard, 
No. 2001-225; C, D, Felis atrox Leidy, No. 2900-9. Rancho La Brea Pleistocene. 


but the stapes has not been found. These ear bones are illustrated in plate 15, 
figures 2 and 3. The malleus resembles in shape and in major structural details 
the comparable element in Felis. The manubrium is relatively narrow and slender 
and as in the latter form is not strongly curved. The extremity of the process is 
slightly spatulate and distinctly recurved. The processus muscularis appears to be 
slightly blunter than in the living felines. While the lamina is thin, its development 
in breadth is not so great as in Felis. The processus longus (processus gracilis) 
is situated closer to the head in Smilodon than in the latter genus. The head is rather 
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sharply demarcated by a rim which encircles its base. Its outer border is broadly 
convex. Upper and lower facets are of subequal size and are separated by a groove 
having the characteristics of that in Felis. 

In the incus, the articulating surface for the malleus is sharply defined. Its 
body is rather massive and this character is displayed also by the processes. The 
processus brevis tapers rapidly and the border of the incus connecting the extremity 
of this process with the articulating end is noticeably convex. The Sylvian apophy- 
sis, though small, is perhaps more prominently developed than in Felis. The stapes 
was probably quite small. 

The structure of the zygomatic arch, particularly of the squamosal portion, is 
quite different from that of the true felines. The zygoma is short, relative to the 
length as measured from the postglenoid process to the anterior end of the skull. 
The arch possesses a strong upwardly convex curvature and the transverse diameter 
of the skull across this region is usually somewhat less than in the larger members 
of the true feline group (see measurements) . 

The elements composing the arch are relatively high compared with those of 
the African lion, but are thinner in transverse measurement. The postorbital proc- 
ess of the jugal is very low and blunt, compared with that of the lion and tiger, 
and is less acute than in the South American Smilodon neogeus. The posterior 
root of the arch is greatly extended inferiorly, and the lowest portion of the glenoid 
fossa has dropped to or below the level of the palate and is 30 or 40 mm. below the 
inferior surface of the basisphenoid. The posterior root of the arch and the glenoid 
fossa are also placed relatively farther forward than in Felis and the earlier and 
more primitive members of the sabre-tooth cat group. 


PALATINE REGION 


The roof of the mouth in Smilodon californicus is relatively much farther 
below the plane of the inferior side of the presphenoid than in Felis. The posterior 
narial opening is absolutely narrower than in lion and tiger skulls of somewhat 
smaller size, and is relatively much higher and narrower than in skulls of true 
felines with which comparisons have been made. The anterior border of the pos- 
terior nares, as in the true cats, is situated a considerable distance behind the 
posterior border of the superior molars. In adult animals the anterior border of 
the opening is usually flared downward and a prominent posterior nasal spine or 
ridge is commonly developed on the median portion and projects backward over 
the narial opening. The slender pterygoid processes extend nearly straight on a 
line about even with the lateral margins of the narial opening. So deep is the 
posterior root of the zygomatic arch that the pterygoid processes are only slightly 
lower than the glenoid fosse. 

On the superior side of the palatine plate a prominent median crest rises to 
meet the vomer. This crest is extended backward to the posterior nasal spine and 
its union with the vomer is carried extraordinarily far back so that the complete 
vertical septum is developed only a short distance in front of the posterior nasal 
opening. 

In all of the specimens of S. californicus which have been examined, the palate 
is characterized by extraordinary development of the three longitudinal median 
ridges, which are indicated but are much less prominent in the true felines. In 
some cases the triangular median portion of the palatine plate included between the 
outer pair of the three ridges is much depressed below the roof of the lateral 
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grooves which extend back from the anterior palatine foramina, and the median 
ridges are relatively weak. In other cases the median triangular area does not 
stand in relief and the ridges are relatively prominent. The lateral ridges are 
sharp where they occur on the premaxillaries and maxillaries. In their backward 
continuation on the palatines they lose their crested character and become notice- 
ably heavier. Between the lateral ridges when in bold relief the region of greatest 
excavation occurs as a narrow trough along the median line slightly in front of 
and for a greater distance in back of the maxillo-palatine suture. Frequently oc- 
cupying this position is a narrow bony element clearly defined in palatal view by 
suture from the maxilliary and from the palatine. In other specimens this element 
is absent and a normal intersection occurs between the transversely directed maxillo- 
palatine suture and the longitudinally directed median palatal suture. When the 
excavation occurs and when the median line of the palate is crested there is a very 
definite interruption of the ridge over the former area and this may become quite 
marked in some specimens. The lateral grooves, extending from the anterior side 
of the anterior palatine foramina backward to the posterior side of the palate, are 
very deep and are characterized by a marked roughening of the surface of the bone 
in this region. The extreme development of these grooves and the median ridges 
bounding them, taken with the other characters of the skull, seem to indicate that 
they have functioned as passage-ways for blood which the animal sucked from 
the gaping wounds produced by its sabres. 


FORAMINA 


The large infraorbital foramina are oval to triangular in form, and are so 
situated that the outer border is almost immediately over the anterior edge of the 
Superior carnassial. 

The small lachrymal foramen is situated farther in from the margin of the 
orbit than in the Recent lion or tiger, and a prominent lip or ridge is developed 
on the border of the orbit immediately in front of this foramen. Immediately 
behind the lachrymal foramen there are several small foramina. 

The sphenopalatine opening may be situated in the border line between the 
palatine and the frontal with the posterior opening of the post-palatine foramen 
very close to the anterior border. In most cases it is, however, situated somewhat 
farther back in the palatine bone. While of large size this foramen is smaller than 
the sphenopalatine opening of Felis atrow. 

The optic foramen, sphenoidal fissure and foramen rotundum are situated 
close together at the bottom of a deep groove bordered posteriorly and externally 
by a very strong, forwardly produced ridge of the alisphenoid. The foramen rotun- 
dum is deep down in this groove, close to the sphenoidal fissure, and is separated by 
quite a distance from the foramen ovale. A similar position is to be noted also in 
Dinictis and in Nimravus. 

The foramen ovale is located at the lower end of the vertical face of the ali- 
sphenoid in which the foramen rotundum is situated. It usually opens mainly down- 
ward, but is so close to the edge of the vertical face that in many specimens it faces 
almost entirely forward. In Nimravus, Pogonodon, Dinictis and in Hoplophoneus 
the foramen ovale is on the inferior horizontal face of the alisphenoid, as in the true 
felines. In Smilodon, as in the true felines, there is no separate opening for the 
alisphenoid canal. 
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The postglenoid foramen varies considerably in size and may be minute in some 
specimens. Because of the close approximation of the postglenoid and mastoid proc- 
esses this foramen is entirely hidden from view, situated high in the recess between 
these processes. 

The stylomastoid foramen and the pit for the tympanohyal vary somewhat 
in position with relation to each other, being in some specimens very close together 
and in others separated by a distance of at least 10 mm. In those forms with the 
largest auditory bulle the two openings are close together. 

The openings of the posterior lacerate foramen and the condylar foramen may 
be as near each other as in the lion and tiger or in other true felines, and may be 
referred to as having a common opening (Univ. Calif. specimen 10839). In most 


Fic. 10—Smilodon californicus Bovard. Vertical longitudinal section of skull, No. 2001-273; x 2/5. 
n, nasal; fr, frontal; s, frontal sinus; pa, parietal; so, supraoccipital; ten, cut edge of tentorium; 
bo, basioccipital; pet, petrosal; bs, basisphenoid; ps, presphenoid; ty, tympanic; pt, pterygoid; pl, 
palatine; pmz, premaxillary; mat, maxilloturbinal; et, ethmoturbinals; ms, mesethmoid; st, sella 
turcica; cp, clinoid plate; mt, mastoid; pgp, Postglenoid process; IX, X, XJ, foramen lacerum 
posterius; XJI, condylar foramen. Rancho La Brea Pleistocene. 


cases, however, they tend to be separated somewhat, but are connected by a com- 
mon groove. In some skulls, as in Univ. Calif. specimen 11074, the two foramina 
are about as far apart as in the dog, and the groove connecting them is relatively 
shallow. 

When the skull is bisected vertically and either half is viewed from the sagittal 
plane (fig. 10), a number of interesting structural characters are brought to light. 
The most striking features, in contrast to those of Felis, are the relatively small 
size of the brain chamber and the extremely broad expanse of bone in back of and 
above this cavity. The latter development reflects in large measure the backward 
extension of the occiput and the high sagittal crest. Below and in front of the 
brain case is clearly shown the great depth of the posterior nares and post-narial 
passage. The enlarged opening causes the median line of the palate to dip notice- 
ably downward toward its posterior end. Moreover, the recession of the nasal ele- 
ment with reference to the anterior end of the premaxillary is readily noted in this 
view. In contrast to Felis atrox (compare fig. 10 with fig. 134) the major trend of 
the basicranial axis is parallel to that of the principal fore and aft axis of the palate. 
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When the basicranial and basifacial axes are drawn on the respective sections of 
the skulls of these types, following the directions of these axes employed by Mivart 
(1881, pp. 83-85, fig. 48), the two are separated by an angle of 149° in Smilodon 
while in F’. atrox they are separated by an angle of 126°. In other words, the facial 
region of the skull in the sabre-tooth is bent downward less, with reference to the 
basicranial axis, than in the extinct true cat. 

The olfactory fossa is small. While the anterior fossa is relatively large and 
the middle fossa relatively small, in contrast to Felis, the cerebral chamber as a 
whole tapers forward more rapidly than in the latter type. The dorsal profile of 
this cavity meets the long axis of the tentorial process in a sharp angle. A marked 
characteristic is the very prominent development of the ridges on the inner cranial 
wall. The posterior or cerebellar fossa shows distinctly less extent in dorsoventral 
direction than in the true felines. 

The tentorium is as well defined as in Felis, and in its lower anterior part 
exhibits on its superior surface a strong development of crests similar to that seen 
elsewhere on the cerebral wall. The petrosal is relatively small compared with that 
of the modern true felines and the pit for the appendicular lobe of the cerebellum is 
also relatively small. The floor of the cerebral cavity is thickened, relatively more 
so than in the true felines. The posterior clinoid plate ends dorsally in a thin edge 
which projects anteriorly. The base of the plate is broader anteroposteriorly than 
in Felis, while on the dorsal surface a small concavity situated immediately behind 
the process separates it from a lower posterior protuberance. The sella turcica ap- 
pears to have been smaller than in Felis. 

The presphenoidal sinus is of moderate size. Above the anterior fossa of the 
cerebrum and the olfactory fossa is situated the large posterior portion of the frontal 
sinus. In front of this is the anterior portion which, with the sinus of the nasal, 
contains the upper scrolls of the ethmoturbinal. The cavity in the nasal extends 
halfway down the length of this element. 

Only portions of the mesethmoid plate are shown in figure 10. While the two 
upper scrolls are partly masked, the lower scrolls are clearly evident. The total 
number of major scrolls, as seen in this view, seems to correspond with that in Felis, 
although the individual scroll may vary somewhat in shape from the comparable 
structure in the latter type. The maxillo-turbinal is relatively large and is the 
principal turbinal element on each side of the mesethmoid to be seen when the nasal 
opening is viewed from in front. The coils of this scroll differ from those in true 
felines in lying entirely below and in front of the partition from which they spring. 


ENDOCRANIAL CAST 
Plate 14, figs. 4, 5 and 6 


The endocranial cast of Smilodon californicus displays a number of striking 
surface features. In shape and in proportions it likewise presents some noteworthy 
points of difference from that in Felis. The olfactory tract extends for a relatively 
short distance in front of the cerebrum, but is deep dorsoventrally. The cerebrum 
overlaps the cerebellum to a greater extent in this form than in Felis atrox and dis- 
tinctly more so than in the Oligocene Hoplophoneus. In contrast to the latter type, 
the anterior half of the cerebrum has a fuller development. Viewed from the side, 
the cerebral portion, as a whole, is relatively deep, more so than in Felis atrow. 
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Fic. 11—Smilodon californicus Bovard. Endocranial cast from skull 2001-199. A, dorsal view; B, ventral 
view; C, lateral view; D, posterior view; x 2/3. L.ol., lobus olfactorius; L.p., lobulus pyriformis; 
Hph., hypophysis; Med., medulla oblongata; JI, N. opticus; f.l.a., N. trigeminus (ophthalmic); f.7., 
N. trigeminus (maxillary); f.o., N. trigeminus (mandibular); VJIJ, N. acusticus; JX, X, XJ, N. 
glossopharyngeus, N. vagus, and N. accessorius; XJI, N. hypoglossus; V. cer.?, cerebral veins?; 
Sin. sag., sinus sagittalis; S.so., supraorbital sulcus; S.er., cruciate suleus; S.cor., coronal suleus; S.an., 
sulcus ansatus; S.lat., lateral sulcus; S.ss., suprasylvian sulcus; S.s., fissura Sylvii; S.e.a., anterior 
ectosylvian sulcus; S.e.p., posterior ectosylvian sulcus; S.ps., postsylvian sulcus; S.dg., diagonal sulcus; 
S.rh., rhinal suleus; S.prh., postrhinal sulcus. Rancho La Brea Pleistocene. 


Moodie (1922, pp. 357-359, fig. 16) in a description of an incomplete endocran- 
ial cast of the Rancho La Brea sabre-tooth, has directed attention to the large and 
prominent development of the gyri and the depth of the sulci. The pattern of the 
convolutions is remarkably well defined (fig. 11) and the gyri and sulci can be 
traced with greater ease in this form than in Felis atrow. At the anterior end of the 
sulcus lateralis is a short ansate sulcus. The cruciate sulcus is clearly defined. 
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SMILODON CALIFORNICUS BOVARD Al 


Where this meets the mid-line of the cast, the dorsal surface is deeply depressed, 
evidently more so than in the true cats. The rhinal and post-rhinal sulci have posi- 
tions as in Felis. The lobulus pyriformis projects to a noticeable extent in front of 
and below the temporal lobe. The latter is relatively narrow at its lateral extremity. 
This region presents a somewhat different appearance from that in F. atrow. 

On the dorsal surface between the anterior end of the lateral sulcus and the 
cruciate sulcus is the course of a blood-vessel, presumably a cerebral vein. Else- 
where on the dorsal surface are indicated additional courses for vessels evidently 
leading to the sagittal sinus. The largest and longest of these is that situated in 
the posterior crest of the cerebral lobe. 

A peculiar feature noted in ventral view is the position of the optic chiasma and 
optic nerves with reference to the ophthalmic nerves. In Felis the optic chiasma lies 
well out in front, whereas in Smilodon this structure tends to be more obscured by 
the inner base of the ophthalmic nerve (f.l.a.) of each side. The impression of the 
pituitary fossa is clearly marked. 

Measurements (in millimeters) of the cerebrum are as follows: greatest length, 
83.5; greatest width anteriorly, 61.4; greatest width across temporal lobes, 72. The 
endocranial cast displaces 228 c.c. of water. 


Fic. 12—Smilodon californicus Bovard. Ramus and lower dentition showing 
presence of P3; No. 2002-R-60; lateral view; X 1/2. Rancho La Brea 
Pleistocene. 


MANDIBLE 


The numerous lower jaws in the collection vary considerably in size and in 
form, but the gradation between them in size and in the apparent age of the indi- 
viduals (plate 4) shows that there is no good reason for supposing that the varia- 
tion is due to anything more than normal age, sex, or individual variation within 
a single species. 

The mandible is on the whole a little weaker than that of an African lion of 
the same length. Compared with the Recent lion with particular relation to strength, 
the coronoid process is very small and the region of the diastema is relatively low and 
thin. 

The symphyseal contact of the two rami is strongly constructed, but the rami 
do not come into contact gradually, thus forming an acute angle inferiorly between 
their anterior ends as in the true felines. At the posterior side of the symphysis, 
the inner borders of the rami turn toward each other sharply, so that the anterior 
end of the space between them is abruptly truncated instead of sharply angular. 
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SMILODON CALIFORNICUS BOVARD 43 


The lower margin of the symphyseal contact of the angle extends downward 
somewhat below the inner angle of the inferior side of the mandible immediately 
behind it. The amount of projection in this region is sometimes considerable, and 
the lower side of the symphysis may terminate in a sharp tubercle reaching below 
the inferior edge of the lateral flanges. In most instances, however, the inferior 
side of the symphysis projects only a few millimeters below the inner side of the 
inferior margin of the ramus immediately behind it or immediately external to it. 

The anterior face of the symphyseal region is generally concave both trans- 
versely and vertically, without the development of a median ridge at the point of 
contact of the rami. The anterior face of each ramus is usually pitted by the 
openings of two to four large foramina. The posterior face of the symphysis 
slopes backward gently to the upper end of the lower half, where it suddenly dips 
downward and forward forming a prominent ridge above the geniohyal depres- 
sion. The depression in the lower portion of this posterior face is much more pro- 
nounced than in the Recent lion or tiger, and the face of the symphyseal contact of 
the two rami is in consequence about twice as wide immediately above the geniohyal 
depression as it is just below the upper end of this depression. 

The form and size of the characteristic lateral smilodont flanges vary con- 
siderably with age and possibly with sex. In all young individuals the flanges are 
relatively short and the margins obtuse. In many young specimens the inferior 
margin of the flange scarcely drops below the inferior line of that portion of the 
jaw below the cheek-teeth (see plate 4, figs. 1 to 6). In some older individuals 
the flanges may be a little more prominent, particularly anteriorly, and the edges 
may be somewhat thinner. The flanges seem on the whole to show about the same 
degree of development as in species of the South American Smilodon. 

The coronoid process is always very poorly developed and does not reach much 
more than half the height in proportion to the length of the jaw that is developed 
in the Recent lion. The anteroposterior diameter of the base of this process is 
also small and the lower carnassial tooth has a position much nearer the condyle 
than in living Felis. 

The masseteric fossa is strongly marked in comparison with the size of the 
coronoid process, and the inferior border of the jaw immediately below it shows a 
broadly horizontal expansion. The anterior end of the fossa is, however, in most 
cases much shallower than in the Recent lion or tiger, and the horizontal expansion 
of the inferior border does not extend so far forward as in the lion. 

The angle is situated much nearer the condyle than in the true felines. It is 
also situated nearer the external or lateral end of the condyle, the posterior end of 
the inferior border being twisted outward rather sharply so that the angle is almost 
immediately below the outer end of the condyle. 

The condyle is so situated that only a very small portion of the inner or median 
end extends beyond the plane of the inner or median face of the coronoid process. 
In the lion and in the true felines generally, the inner end of the condyle extends 
much farther inward beyond this plane. The articulating surface is very narrow 
at the outer end of the condyle and increases rapidly in the anteroposterior extent 
of the surface toward the inner end, where it is widest. The difference between 
the inner and outer ends is usually greater than in the lion and other true felines. 
The relative thickness of the condyle or the diameter of the circle into which the 
articular surface falls is also greater than in the lion, and the are covered by the 
articular surface is larger. 
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SMILODON CALIFORNICUS BOVARD A5 


HYOID APPARATUS 
What appears to be the only representation at present available of the hyoid 
apparatus in the extinct cats of Rancho La Brea is specimen No. I1, figure 12a. This 
element is regarded as a basihyal and is referred, at least tentatively, to Smilodon. 
No. I 1 is heavy and of relatively large size. The ends are broadened in antero- 
posterior direction. Each end is obliquely truncated by two surfaces for carti- 
laginous attachment. 


Measurements (in millimeters) of No. I 1 


GHEAONE WENN ooocccccc0p0D0GoDdD DO ODOD HOOD ODUNNUDDOOODODDDUOONURS 80 
Dersovrammal chiarmaauar aie waNCI IND 4 5000000000000000000000000000006 10.4 
Anteropostenioradiametersatimiddleplinewarerprcilisiedstiereleiereiel-lelelereleielsieiel- 9.5 
DENTITION 
Bly By I 
Dental formula: 3 7 97 4 


SUPERIOR DENTITION 


The crowns of the upper incisor teeth are characterized by a very prominent 
development of the principal cusp. The latter is cone-shaped and slightly recurved 
in its downward extent. On each tooth a ridge on the medial and lateral faces of 
the crown extends from the base to the tip. Even in I3 the principal cusp is larger 
in its downward extent and more pointed than the comparable tooth in Felis atrox, 
but the most striking differences are seen when I1 and I2 of Smilodon are compared 
with the corresponding teeth in the great true cat. In the latter the principal cusp 
is low, rounded in transverse extent and flattened somewhat anteroposteriorly. The 
posterior tubercles are two in number and situated close together on the lingual side 
of the tooth. In the sabre-tooth, the tubercles while flattened and ridge-like are 
prominent and farther apart at the lower edge. Between them a \/-shaped notch 
extends to the base of the crown. In I1 the internal or medial cusp extends 
a little lower on the side of the tooth than the lateral cusp. In I2, however, the ex- 
ternal or lateral ridge is less promi- 
nent and extends a trifle lower than 
the internal cusp or ridge. Both teeth 
exhibit a slight development of cingu- 
lum at the base of the inner and outer & 
sides of the front face. A very slight | 
expression of this may be seen also 
on the antero-internal base of I3. The 
strong development of these teeth and 
their . extraordinary Mees and ee Tena oe OR REAR 
grasping power is emphasized also by Pleistocene. 
the presence of strong roots. In this 
respect there is again a notable differ- 
ence between Smilodon and F. atrox. In the former the fangs are decidedly longer 
and broader anteroposteriorly than in the latter (see plate 13, figs. 7 and 7a), and the 
differences are quite independent of the relative sizes of these animals. 
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In the lateral incisor of Smilodon, the lateral crest of the crown may show, 
under magnification, a slightly serrate structure, but the serrations are never as 
coarse as those seen in Dinobastis or in the comparable tooth figured by Dawkins 
and Sanford (1872, p. 188, figs. 1-3) under Machzrodus latidens. 

As in the British specimen, the crown of I3 in S. californicus possesses a minute 
tubercle on the postero-lateral and postero-medial sides and near the base. The 
tubercle on the postero-medial side is situated at a point below that reached by 
the tubercle on the opposite side. The crown is somewhat more curved in its longi- 
tudinal extent than in Machxrodus latidens. The root is flattened or slightly con- 
cave anteroposteriorly on its inner side and bulges slightly on the external side. 
The upward curvature of the fang is uniform. 

In Felis atrox, on the other hand, the crown is shorter, slightly narrower at the 
base, than in Smilodon. Moreover, it differs decidedly in the development of a heavy 
ledge or cingulum, which extends backward from the base of the medial crest of the 
crown, diminishing considerably in prominence as it swings across the posterior 
base of the tooth. The root is distinctly shorter than in Smilodon, and when viewed 
from the rear is seen to possess a sinuous curve. 

Evidently in the sabre-tooth cat, where the upper canines function chiefly as 
stabbing weapons, the grasping and holding of prey was accomplished largely with 
the aid of the strong penetrating incisor teeth. In the true feline, on the other 
hand, the strong grasp on the victim resulted in the main from an interlocking of 
the powerful upper and lower canines. 

The superior canines are of approximately the same form as those of the South 
American smilodons, though differing in some minor details. In their normal posi- 
tion in the jaw, the sabres of Smilodon californicus have not projected as far be- 
yond the alveolar margin as they are commonly shown to project in existing 
figures of the South American species. In a number of cases the sabres seem 
to have slipped down in the alveolus for varying distances and appear to be actually 
longer than in the other specimens. Apparently in some of these cases the abnormal 
protrusion of the sabre had occurred during the life of the animal. 

The root of the tooth includes about two-fifths of its total length (plate 12, 
fig. 1). The upper end of the tooth is rather sharply tapered. Instead of being 
relatively heavy, as seems to be the case in some of the South American forms, the 
root is only slightly thicker than the extra alveolar portion and its width is practi- 
cally the same as that of the lower part. However, the shape of the root varies and 
specimens are available from the asphalt in which this portion bulges more in antero- 
posterior direction than is shown in the tooth figured. Moreover while the root may 
end bluntly, in some specimens the end may be drawn out considerably. 

The tooth as a whole is strongly curved anteroposteriorly, the total curvature 
of the anterior border amounting to 117° of are. As the curvature is fairly regular 
for the whole length of the tooth, the curve of the exposed or functional portion 
is considerable, and it is probable that the downward stroke of the tooth must have 
been accompanied by a backward jerk in order to make it fully effective. 

The whole tooth is much compressed laterally. The amount of flattening is 
a little less than half in a portion of the root and somewhat more than half in the 
greater part of the cutting blade. On perfectly preserved specimens the inner or 
median side of the tooth is slightly flatter than the lateral face. 
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Fie. 13—Smilodon californicus Bovard. 


Specimens showing principally deciduous teeth. A, B, No. 
2001-577, outer and inner views; C, No..2001-578, inner view; D, E, No. 2001-579, inner and 
outer views; X 2/3. DOC, deciduous canine; Al, alveolus for permanent canine; Dm3 and Dm4 
third and fourth deciduous molars. Rancho La Brea Pleistocene. 


The enamel extends much farther up from the point of the tooth on both the 
anterior and posterior edges than it does on the lateral faces. On the posterior edge 
it extends upward as a long narrow band, tapering to a sharp point exactly on the 
posterior margin somewhat more than halfway up from the point. On the outer 
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side of the anterior edge the enamel reaches upward a little farther than it does 
over the middle of the external face of the tooth. On the inner side of the 
anterior edge it extends farther up than on the outer side and reaches to about the 
middle of the long diameter of the tooth. 

The anterior and posterior edges of the tooth show beautifully marked serra- 
tions of the enamel (plate 12, fig. 2). The posterior cutting edge holds a median 
position on the tooth. At the upper end, the anterior cutting edge is noticeably 
nearer the inner or median side of the tooth. 

Two specimens of the canine, selected from a large series of adults to represent 
a very long (No. 2000-L-26) and a very short tooth (No. 2000-L-2), furnish the 
following measurements in millimeters: Greatest length measured in a straight line 
from end of root to tip of crown 262-200; anteroposterior diameter of crown taken 
at upper end of enamel on forward edge 39-33.7; greatest anteroposterior diameter 
of root 41.8 (approx.)—386.8; greatest transverse diameter of root 21.2—17.3. 

P3—The third upper premolar varies considerably in size, ranging in antero- 
posterior diameter from 12 mm. to 19.7 mm. It is usually so placed in the jaw that 
its long diameter is parallel with the alveolar margin of the jaw, but in a consider- 
able number of cases it is set obliquely or almost transverse to the alveolar margin. 
In L. A. Mus. skull 2001-162 where the position of P3 is noticeably oblique, the 
diastema between P3 and the canine is short. The crown generally bears an 
anterior and a posterior basal tubercle, but in rare cases the anterior tubercle may 
be absent. There is present in most specimens a small posterior basal tubercle. 
Occasionally this tubercle is not represented. In every specimen examined there is 
a small tubercle or ridge developed on the postero-external angle of the tooth. In 
some instances it is very weak, but in no case is it absent. In at least one specimen, 
a tubercle of this nature is present on the postero-internal portion of the cingulum. 
The posterior half of the tooth is much broader than the anterior, owing to the 
prominence of the postero-internal portion of the cingulum. 

The two roots supporting the crown in P3 may be separate or in some instances 
fused. Even in teeth in which the upper ends of the fangs are separate, fusion may 
take place immediately above the base of the crown for a variable distance. When 
the roots are distinct, it is clearly seen that the hinder fang is slightly longer but 
distinctly heavier than the forward fang. 

P4—The superior carnassial is a beautifully developed cutting tooth, resem- 
bling in general the Smilodon type. The antero-internal root is always present, but 
there is ordinarily no trace of a protocone upon it. In some specimens (Univ. 
Calif. No. 11291) a very small but distinct protocone is evident on the unworn 
teeth. In a number of other specimens absolutely unworn superior carnassials 
exhibit in the normal position of the protocone one or more very narrow ridges 
or wrinkles of the enamel. 

The parastyle is always well developed, but varies in size in proportion to the size 
of the tubercle or cusp anterior to it. The latter tubercle, which may be conveni- 
ently designated the prostyle, is nearly always present but varies greatly in 
size. In several cases (L. A. Mus. No. 2001-225; Univ. Calif. No. 11249) it is en- 
tirely absent and the parastyle proportionately large. In one instance (Univ. Calif. 
No. 10829) it is absent on the left carnassial but is distinctly developed on the right 
side. 
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ia. 14—Smilodon californicus Bovard. Specimens showing deciduous and permanent teeth. A, B, No. 2001-580, 
outer and inner views; C, No. 2001-581, inner view; xX 2/3. DO, deciduous canine; O, permanent canine; Al, 
alveolus for permanent canine; Dm3, and Dm4, third and fourth deciduous molars; P4, fourth premolar. 
Rancho La Brea Pleistocene. 
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The metacone is always somewhat longer anteroposteriorly than the para- 
cone and is uniformly marked by a depression on the external face of the blade. 
The depth of this depression varies considerably in different individuals. 

Normally P4 possesses three roots, of which the largest is the posterior root. 
The latter fang rises above that portion of the crown which includes the metacone 
blade and approximately the posterior half of the paracone. The anterior root, 
next largest in size though considerably smaller than the posterior fang, rises above 
the rest of the crown anterior to the middle of the paracone. As indicated, an 
antero-internal root is always present. This rises from the inner anterior base of 
the protocone and projects inward. Both anterior and posterior roots curve inward 
in their upward course. 

When comparison is made with P4 of Felis atrow, having a size of crown ap- 
proximately as large as that in Smilodon (compare plate 18, figs. 1, la with Plate 33, 
figs. 1, la), the roots in the latter form are seen to be slightly longer. The outer 
roots curve inward in their upward course and the posterior root shows this curva- 
ture more distinctly than does the comparable root of F. atrox. Moreover, this root 
possesses a broader base and is more compressed laterally than in F. atrox. The 
antero-internal fang is surprisingly well developed, but is subject to considerable 
variation in size. In some specimens it is quite slender. 

A curious variation occurs in some individuals from the asphalt, namely an 
addition of a fourth fang to the root system of P4. This, when present, is located 
at the antero-external corner of the posterior root and in its upward course may 
project outward and forward. The base of the fang thus lies above the middle of 
the external wall of the paracone. It occupies an alveolus distinct from those for 
the anterior and posterior roots. A fourth root of this type is present on each P4 
in skull 2001-120. Its diameter is less than that of the antero-internal root, but it 
reaches a length of 23 mm. 

In some specimens, as for example in skull 2001-243, it is reduced to a very 
slender element, which, in occupying a tiny alveolus, persists in its separation from 
the anterior and posterior root. In its greatly reduced size, tucked away in the 
outer wall of the maxillary, this root may prevail more often than we are led at 
first glance to believe from an examination of skulls of Smilodon californicus. Con- 
siderable similarity exists between the permanent and milk carnassials in this par- 
ticular character (see below, description of upper milk carnassial tooth). 

M1—The small molar tooth has approximately the same form and position and 
about the same relative size as in the African lion. The transversely elongated 
crown is nearly elliptical in cross-section, the long axis being nearly perpendicular 
to that of the superior sectorial. The elongated crown may be supported by two 
roots for the most part fused as in L. A. Mus. skull 2001-300, or the crown may 
be considerably reduced transversely, ovoid in shape, and with single fang as in 
L. A. Mus. skull 2001-159. The superior molar is present in only a few of the 
specimens. More often it has dropped from the alveolus. 


INFERIOR DENTITION 
The inferior incisors are closely set in a transverse line which is slightly convex 
forward. I1 is very much smaller than I2 which is in turn much smaller than I3. 
The crowns of these teeth are relatively narrow transversely, more so than in the 
lion. The principal cusp on each crown is distinctly higher than that in the com- 
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parable tooth of Felis atrox, and is moreover noticeably recurved. These cones 
would have a nearly round cross-section were it not for the presence of lateral 
ridges on the external and median sides. In I1 the external lateral ridge terminates 
inferiorly at the anterior end of a prominent basal cusp which extends around the 
base of the tooth toward the middle of the posterior side. The median side of the 
base of I] bears no basal cusp though a faint ridge is present. 

In 12 the external lateral ridge terminates next a basal cusp similar to that on 
Ii, and a median lateral ridge swings backward over the posterior side of the base 
of the crown as a sharp ridge. The two posterior basal ridges are separated by a 
considerable space on the posterior side of the tooth, in contrast to the close prox- 
imity of the prominent basal cusps of the second superior incisor. 

The form of I3 is much as in I2, except that the external basal tubercle is 
relatively smaller and may be continuous with the lower end of the external lateral 
ridge. 

The roots of the inferior incisors, one to three inclusive, increase progressively 
in size. In an individual tooth the root is distinctly longer than that of the corre- 
sponding tooth in Felis atrow. In I1 the root is not only decidedly longer than that 
of the extinct true cat, but it is likewise noticeably broader in anteroposterior direc- 
tion. It differs furthermore in being relatively and absolutely narrower transversely 
than in the latter type. 

The roots of I2 and I3, when compared with those of Felis atrox, exhibit the 
same pronounced differences seen in Il. In these teeth the greatest anteroposterior 
diameter of the fang occurs in its lower half. 

The inferior canine, in contrast to that of the lion, is very small and weak. 
The crown is more recurved than that of F. atrox. This tooth exceeds [3 in size 
by about as much as I3 is larger than I2. A median lateral ridge is developed 
which is turned backward at the inferior end as in I3. In some cases the basal 
end of this ridge may appear as a prominent basal cusp. In the place of the 
external or postero-external ridge of I3, there is a sharp ridge on the middle of the 
posterior side which may show faint crenulation. The inferior canine is often quite 
similar to 13 in form. In the inferior tooth, however, the posterior ridge has a 
median position, while in I3 the ridge is situated on the postero-external region of 
the crown. The two teeth approach each other in size. 

The root of the inferior canine is longer and heavier than that of the third 
lower incisor and tapers more noticeably to the lower end. In its downward course 
it shows no tendency to curve outward as in the comparable tooth of Felis atrow. 

In a series of 678 mandibles of the sabre-tooth cat in the collection of the Los 
Angeles Museum, 41, or approximately 6 per cent, showed the presence of P3. 
This tooth may be present on both sides of the lower jaw or may be present on one 
ramus and absent on the other. The tooth, when present on both rami, may not have 
the same anteroposterior diameter. In L. A. Mus. specimen 2001-213, for example, 
that of the left side measures 10.2 mm. in length while the comparable tooth of the 
right side has a length of 6.5 mm. P23 is single-rooted with the crown reduced. On 
the latter a median cusp may be present from which a rudimentary crest extends 
anteriorly and posteriorly. The orientation of the crests may be oblique to the fore 
and aft axis of the tooth-row as in No. 2002-R-60 (figure 12). 

In development of median cusp and in the more or less distinct retention of 
anterior and posterior basal cuspules P3 of Smilodontopsis from the Conard Fissure 
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Ita. 15—Smilodon californicus Bovard. Specimens showing deciduous and permanent teeth. A, B, No. 2001-582, 
outer and inner views; C, No. 2001-583, inner view; xX 2/3. DC, deciduous canine; (, permanent canine; P3 
and P4, third and fourth premolars. Rancho La Brea Pleistocene. 


Pleistocene appears less advanced than the comparable tooth in Smilodon californicus. 
Moreover this tooth may have been represented more persistently in the sabre-tooth 
from Arkansas than in the Californian form. 

P4 is a powerful tooth, only a little shorter than the inferior carnassial in 
anteroposterior diameter. It possesses well-developed anterior and posterior cusps 
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and also a large posterior basal cusp. In many cases there is also a large tubercle 
on the postero-internal region of the cingulum, medial of the posterior basal tubercle. 
The roots may be relatively as long as those in F’.. atrow. 
The forward fang (plate 13, figs. 4, 4a) is longer and more 
slender than the hinder fang. 

The crowns of P4 and MI have a characteristic back- 
ward tilt . 

On the inferior carnassial, as in later Tertiary sabre- 
tooth cats, the protoconid blade is considerably longer an- 
teroposteriorly than the paraconid blade. The posterior 
border of the cingulum of this tooth nearly always bears 
a small heel. The anterior border of the paraconid in 
nearly all cases bears a small but distinctly separated 
cusp, as has been pointed out by Bovard (1907). This 
anterior cusp is sometimes entirely absent, but is com- 
monly present and well developed. The base of the forward 
root in M17 does not extend so far beneath the protoconid in 
Big. 16—Smilodon californicus Smilodon as in F. atrox. The roots are more slender than 


Bovard, Dm3, No. 2001- . 3 Q ; 
584: lateral and occlusal IN the latter species and the posterior fang is shorter. 


views; xX 1. Rancho La 
Brea Pleistocene. 


MILK DENTITION 


A very large number of skeletons obtained at Rancho La Brea represent young 
individuals, and the milk dentition is well shown in many specimens. 

In the upper milk dentition the form of the carnassial, Dm3, corresponds in 
general to that of the permanent dentition. The paracone and metacone have about 
the same relative dimensions in anteroposterior diameter, the paracone is, however, 
a little more acute than in the permanent carnassial. The parastyle is well devel- 
oped. The prostyle is usually distinctly developed, but as in the permanent 
carnassial it may also entirely disappear. As in the milk carnassial of some other 
carnivores there is a small but distinct tubercle developed on the antero-internal 
side of the tooth and some distance in front of the inner root. 

The root system is essentially like that of P4, except that the fangs are more 
widely divergent. The inner root, which is smaller in diameter than either the 
anterior or posterior root and is round or oval in cross-section, takes its origin 
opposite the base of the paracone and does not bear a basal tubercle (figure 16). It 
is much less removed from the inner side of the tooth than in Dm3 of Felis spelxa 
(Dawkins and Sanford, 1868, pl. 13, fig. 1”). The anterior and posterior fangs are 
noticeably flattened transversely. All three curve inward in their upward course. 
As in P4 a fourth root may be present, arising from the antero-external end of the 
posterior fang. This is usually slender, but it may bifurcate in its upward course. 

The upper milk molar, Dm4, is a triangular, three-rooted tooth nearly as large 
as the permanent molar. The inner root reaches somewhat nearer the median 
line of the palate than does the widely divergent inner root of the milk carnassial. 

The enamel-covered portion of the upper milk canine (plate 12, figure 3) 
is relatively short, amounting only to about one-third of the total length of the 
tooth, while in the permanent canine the enamel extends somewhat more than half 
the length of the tooth. The disposition of the enamel on the crown is in its main 
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features like that on the permanent tooth. The root is relatively long and is gen- 
erally extremely wide anteroposteriorly. Its transverse diameter is relatively small, 
owing to the hollowing of the inner side to give place for the comparatively very large 
permanent canine. During a considerable part of the life of the milk canine a little 
less than half of the length of the tooth seems to have been exposed, and a large 
portion of the functioning region was not covered by enamel. 

The nature of the milk canine and the generally primitive character in young 
animals of that portion of the mechanism of the skull which in adults is so highly 
specialized for stabbing indicate that the functions of the canines in young indi- 
viduals were generally similar to the functions of the canines in true felines. 

Owing to their great size, the development of the permanent canines has 
necessarily required an extraordinarily long growth period. These teeth are found 
to be represented by crowns 65 mm. in length in a kitten in which there is no 
evidence of formation of enamel for the crown of the permanent carnassial. The 
permanent canine was not erupted and in full function until the other teeth had 
begun to show some evidence of wear. It is therefore fair to assume that the 
peculiarly characteristic functions of the dentition of the sabre-tooth cat did not 
come into play until the animal had attained full maturity. With knowledge of the 
number of old animals showing loss of one or both canines through breakage, the 
period during which the peculiar mechanism of the animal was in active operation 
may perhaps be regarded as one of relatively short duration in a large percentage 
of cases; and the question may well be asked whether the degree of specialization 
exhibited here was not dangerously near the border line of over-specialization, 
or at any rate near the point where a slight change in environment might work 
a severe hardship. 

The inferior cheek-tooth dentition includes two teeth, the anterior of which is 
followed by a permanent P3 only in relatively few forms. In the milk carnassial 
the protoconid blade seems to be normally somewhat higher than the paraconid. 
Large metaconid and talonid cusps are present and show a noticeable tendency to 
project backward in most cases. The tooth anterior to the milk carnassial seems 
always to be tipped back against the milk carnassial, the root sloping backward 
strongly. The anterior margin of the principal cusp (protoconid) of this tooth 
may bear a minute basal tubercle or may be devoid of one. On the posterior border 
of the protoconid there is a broad posterior cusp and a basal cusp. 

The milk incisors seem to have much the same structure as those of the per- 
manent dentition. The inferior milk canine is considerably compressed transversely. 
The crown of this tooth is relatively small. A small but distinct tubercle is situated 
on the medial side of the principal cusp. 


NOTES ON SKULLS OF SMILODON WITH DECIDUOUS CANINES PRESENT 
OR WITH PERMANENT CANINES PARTIALLY EMERGED 


SKULL No. 2001-10, PLATE 5—In this specimen the two deciduous canines are present. 
Tip of the deciduous tooth is 62.8 mm. below outer alveolar border (measured 
in a straight line). This tooth measures 31.4 in anteroposterior diameter at 
base. Milk canines show very slight amount of wear at their tips, otherwise 
they have an unworn appearance. A considerable portion of the root region 
is exposed. Their inner sides are deeply concave. 

Permanent canines are beginning to emerge in this specimen, that of right 
side having greater length of crown exposed than that of left. Approximately 
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25 mm. in length of crown is exposed on right side, whereas only 10 mm. of 
crown is exposed on left permanent canine. Serrations are sharp and clear-cut. 

Permanent incisors are present. P4 is almost completely emerged, that 
of right side slightly more than that of left. Very slight wear visible on inner 
side of metacone-blade in P4, with even slighter indication on inner side of 
paracone-blade. P3 is not completely emerged, although crown of this tooth 
extends for most part below alveolar border. M1 was present. 

Sutures of skull open and clearly defined. 


SKULL No. 2001—9—Deciduous canines are absent, but probably dropped from sockets 
during period of preservation. Permanent canines have emerged somewhat 
more than in No. 2001-10, with right one again, but only slightly, in advance 
of left. Right tooth measures approximately 47 mm. from tip of crown to 
inner alveolar border. Wide space present between outer wall of canine and 
outer wall of alveolus. Emergence of P4 slightly more than in previous skull. 
Slightly more marked wear of inner surfaces of paracone and metacone blades 
in P4 than in No. 2001-10. Sutures of skull open and clearly defined. Suture 
between basioccipital and basisphenoid open. 


SKULL No. 2001-7, PLATE 7—Milk canine present on left side with tip of permanent 
canine projecting down nearly as far as tip of milk tooth. Distance from tip 
of milk canine to outer alveolar border is 65.4 mm. in a straight line; greatest 
anteroposterior diameter at base is 31.2 mm. 

Length in straight line from tip of permanent canine to inner alveolar 
wall is 67 mm.; anteroposterior diameter along alveolar border is 37.5 mm. 

Cheek-teeth fully emerged; P3 distinctly more so than in specimen No. 
2001-10. Less wear on inner edges of paracone and metacone blades of P4 than 
in No. 2001-9, but more than in No. 2001-10. Sutures open and well defined. 


SKULL No. 2001-8, PLATE 8—Deciduous canines absent. Permanent canines slightly 
farther emerged than in skull 2001-7, with right tooth slightly farther advanced 
than left. Length from tip of crown to inner border of alveolus of right tooth 
is 80 mm.; anteroposterior diameter of tooth measured at alveolar border is 
29.7 mm. Permanent incisors and cheek-teeth present. Inner surfaces of 
paracone and metacone blades of P4 exhibit a state of wear comparable to 
that in No. 2001-9. 

Sutures open and clearly defined, including suture between basioccipital 
and basisphenoid. 


SKULL No. 2001-6, PLATE 9—Deciduous canines absent. Permanent canines more 
emerged than in 2001-8. Tip of right canine in straight line is 98 mm. removed 
from inner alveolar border; anteroposterior diameter of this tooth at alveolar 
border is 33 mm. Tip of right canine slightly worn (that of left canine is 
broken). In P4 enamel surfaces along inner sides of paracone and metacone 
blades are deeply worn. Tip of principal cusp in P3 slightly worn. Sutures 
open and clearly defined. 


SKULL No. 2001-3—Crown of permanent canine not quite fully emerged. Tip of canine 
not worn. Distance from tip of crown to inner alveolar border, measured in 
straight line, is 119.4 mm. Base of crown does not completely fill alveolus. 
Anteroposterior diameter at base of crown is 33.8 mm. Anterior and posterior 
upward extensions of enamel covered surface reach within alveolar wall. Be- 
tween anterior and posterior tongues of enamel a small portion of external and 
internal surfaces, without enamel covering, extends for a short distance below 
alveolar rim. 

Permanent incisors slightly worn. Paracone in P4 well worn; prostyle 
and posterior end of metacone blade also worn. 

Major sutures, including that in basicranial region between basioccipital 
and basisphenoid, still clearly defined. 
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Taste 8—Measurements (in millimeters) of skull of Smilodon 


(Skulls with deciduous canines or with permanent canines partially emerged) 


2001-10|2001—7|2001-—8/2001—9)|2001—6)2001—3 
Length from anterior end of premaxillary 
to posterior end of condyles........... 266.8 | 271 263.3 | 267.6| 284.5] 295.8 
Basal length from anterior end of pre- 
maxillary to inferior notch between 
condylessthnrcsret oh eee Pee 246.8 | 253.5) 249.4) 252.1] 266.7) 274.2 
Length from anterior end of premaxillary 
to posterior end of inion............... 283 301.4] 288.2] 288.1] 305.6) 330 
Length from anterior end of premaxillary 
to anterior end of posterior nasal opening.| 136.7 | 138.4| 136.3) 132.9| 142.6|...... 
Length of palate from anterior end of pre- 
maxillary to line tangent to posterior 
surfaces of maxillary parapets....... =| 12725) 136 125.4] 125.2} 1385 133.9 
Length from posterior end of glenoid 
cavity to posterior end of condyles.... . 80.4 74.7| 75.6) 79.8] 81.2] 90 
Anteroposterior diameter of nasals........ a78.5 LUdd|| 7 (O'6) eee 84 
Wadthvotantenionmanressnn renner 47.2 53 56.1} 48.3] 54.2] 53.8 
Greatest width across muzzle at canines..| 96.2 | 105.9} 100.6| 94 103.5} 100.4 
Least width between superior borders of 
Orbits yh ee eee a83.6 82.6] 85.5] 78.2) 87.7) 85.7 
Width across postorbital processes.......|....... 104.4} 100.8} 102 98.7 | 101.3 
Least width of postorbital constriction....) 53 58.6} 63.2] 59.5] 54.8] 54.5 
Greatest width across zygomatic arches...| 170.6 | 187  |a185 180.3} 182.7} 192 
Anterior palatal width between superior 
CANINES Speen Pe pe h Ure RNa ite 53.3 49.5| 48 43 48 52.71 
Posterior palatal width between inner 
roots of superior carnassials........... 88.1 96.6] 93.5] 82.6] 91.6] 95.2 | 
Width across palate between posterior 
| _ ends of alveoli for superior carnassials..| 113.7 | 119.2} 120 106 117 127 
| Greatest transverse diameter across audi- 
tory bulla, measured from foramen 
lacerum posterius to external auditory 
MeAtUSH rer Cee Oe 46.3 43.2} 650.5) 48.7) 45.6| 50.8 
Greatest width across mastoid processes. .| 120 123.7| 124 116.7) 122.9) 121.5 
Greatest diameter across condyles........ 64.7 61.6| 60 62.4| 59.3) 64.6 
Height of anterior zygomatic pedicle. .... 48.6 58 GPA) |) F521)  GO3)) Sebi 
Length of anterior zygomatic pedicle... .. 47.5 51.7} 50.4} 50 50.7| 49.8 


a, Approximate. 


Taste 9—Measurements (in millimeters) of superior dentition of Smilodon 


(Skulls with deciduous canines or with permanent canines partially emerged) 


2001—10)2001—7/2001—8}2001-9|2001—6| 2001-3 
Length from anterior end of canine 

alveolus to posterior end of P4......... 99 104.8 | 99 96.9 |105.4 | 106.1 
Length from anterior end of P3 to posterior 

end ofi Pa ec eer enon aoe 56 Oe IY: A Yi eee es 54.3 57.8 
Length of diastema from posterior end of 

alveolus for C to anterior end of alveolus 

TOPSR Sak che ee ae: 13 13.6 13.6 138 15.3 13.2 
Il, greatest transverse diameter.......... 6.6 TOE Bearscsoeel| teietvior siete 6.8 6.9 
I2, greatest transverse diameter.......... 8.4 9.6 St5 50 eae 8.1 8.4 
13, greatest transverse diameter.......... 12.2 NPAC 11.8 11.6 10.4 12.1 
C, anteroposterior diameter of alveolus ...| 33.2 ays) |) a¥htl |) G8 || aie} 37 
C, transverse diameter of alveolus ........ 16.1 PRU || Pleil |) PLOWS |) Zh |) ilkehs} 
P3, anteroposterior diameter ............ NG 17.8 1a Aaa lee ereieie 16.7 18.9 
P3, greatest transverse diameter......... 9.8 9.3 ON ae ee 8.9 10 
P4, anteroposterior diameter.............| 41 41.4 | 39.6 | 39.3 | 38.6 | 41 
P4, greatest transverse diameter across 

PIOtOCONes 35,513 ene ee eee 15.7 16.2 14.9 18.7 16.3 16.4 
P4, anteroposterior diameter of base of 

PATACON CK eeseccns eerste eee 13 13.4 12-1 13.4 13.4 12.6 
P4, length from base of paracone to an- 

(ABOVE GiNVCl OH WOWWN. coocccocc0d000n0000¢ 10.3 10.3 10.5 | 10.1 8.7 | 11.4 
P4, length of metacone blade............ 16.7 16.9 15.9 1B |) 1H |) i@.2 
Width of incisor series measured between 

outer sides of third upper incisors...... 56.8 60:3 | 54.5 | 52:38 | 56 56.3 


SMILODON CALIFORNICUS BOVARD 


Tasty 10—Measurements (in millimeters) of ramus of mandible of Smilodon, 
based on specimens figured on plate 4 


2002—|2002-|2002-—|2002-|2002—|2002—|2002—| 2002—|2002-|2002 
L-4 | R-4 |R-68 | R-6 |R-781} R-10/R-496] R-14} R-16} R-15 
Length from anterior end of symphysis to 

posterior end of condyle............... a95.4| 97.4 /116.7 |129.5 |142.3 |161.4 |169.2 |}193 |204.4 |217.8 
Length from anterior end of outer flange to 

WONG GN! GT GOMCKO., oooccocccvc0onalosocolloccoclloooaalccooe 134.4 |150.1 |159 |181.5 |192.9 |205.6 
Length of symphysis measured along an- 

Cenionsbordersae ein ee ee ee ce a27.4| 28.5] 33.3 |a35.6 | 46.6) 49.5) 54.6] 58.3] 65.7] 65.7 
Least depth of ramus below diastema.... . 17.8} 16.7} 21.4] 20.6) 26.2) 29.7) 25.6] 29.7) 38 32 
Depth of ramus below posterior end of DM4} 22.8| 20.5} 28.1] 28.2| 32 SB] BBs ccccllsoooclloucoe 
Depth of ramus below posterior end of M1.|.....).....|..... SOE teeta 33.4| 34.5] 37.54 40.8) 41.4 
Thickness of ramus below DM4.......... N83 || WL!) WA |) WES) UAE NOS! NAO ccsallsscoollsaccc 
Timeliness Of narmams Ino IME. nccsccoccelececcllasoocllaaccallaaccslocacs 19.2} 19.1} 20 21.3} 19.8 
Height from inferior border of angle to | 

GUTTA, OF COMCKWO, ocootoccecscvenccosoocoallsconc 20 26.4] 24.8] 28 31.6} 31.8} 31.7} 38.7 
Height from inferior border of angle to 

summit of coronoid process............ 23. 00ly| eee 35.8 | 46.8) 48.7} 51.5] 57.8} 60.6} 67.9] 73 
Transverse width of condyle.............|..... 16.8 | 25.3 |a26.6} 28.2] 32.2] 32 38.4 | 42.8) 52.2 | 
Greatest depth of condyle. --...........-|.-..- 8.7| 10 12.6] 12.9] 15.6] 15.6} 17.5] 19.4} 16.7 | 
a, Approximate. 

Taste 11—Measurements (in millimeters) of inferior dentition of Smilodon, 
based on specimens figured on plate 4 
| | 
|2002—|2002—|2002—|2002—|2002-|2002—|2002—|2002—|2002—|2002 
L-4 | R-4 | R-68} R-6 |R-781| R-10/R-496| R-14) R-16] R-15 
| ———— 
Length from anterior end of DC to pos- 

iGmion Gel OF IDIMZ. .o05ccocccocccc000c ESI SS}: GHAI) || OPAL lo. Genel lato chp all oettorotallbkkemtoll aomeee| (Seo y aoteee 
Length from anterior end of DM3_ to 

ORK AIOP CMG OF IDIMZ...cccccnccconccc 28 P39) || SOD DES SOL! BAI SOLIS oc oallsoonclloocor 
Length of diastema measured between 

alveolistorl) ©sanduD VIS seeenen nena W533 || WE AUS |) PAB) Ado || Bevo |) BPW, occ clloocacllooocc 
DC, anteroposterior diameter at base of 

CINE i cic ooo Se eA a Hee A Ia e eran The NN hse, MOS | celal eee ese a Vote cities] fee ete | ectics c [oetaia all bere cao 
DC, transverse diameter at base of enamel.| 5 5 U5) Pen eyed Paes | Paceveies tall ctbectr Alias ena [Patel Megan he 
DM3, anteroposterior diameter........... GES) | Mel22 2) eles | mel, NEI TEE SAE Coo ollooooolloccns 
DMs5, greatest transverse diameter. ...... 5.1 5 5.4) 5 H31 CS] GB. loacocllocoocoleovoc 
DM4, anteroposterior diameter...........| 17.8] 18.3] 19.4] 16.3] 17.7] 18.7] 17.8|.....}.....]..... 
DM4, greatest transverse diameter....... Coll 7.3 Us|) GS] CH SOW GSioooacllooocolloococol| 
DM4, length of base of protoconid........ S33 ds) CO) Col doi] thts) dBi ooooallooocalleoo0c 
Length from anterior end of DM3 to | | 

Posteriorzvend#o alin erry -pescnyey ery ere elev ccieel | oseseesve crete | (Geos ucteal| bore casnell ayeuee Oi lente le otors omcton | 
MUL, einicropesiqnior GRENIER, .oo0oc000cclosocsllooc coll oosallocooclleonacloooer 25.7| 26.1} 30.5 |a28.3 | 
WME, CARON TRAINED CHEMAGHAP. o cbc c0llocooollococalleaccollocccclleccccllocooc 12.6| 12.8] 14.4] 13.8} 
M1, lena OT jorronocoel WACO. .coonsvooclloccoclooocclloosaalloooccleounclloovec 13.4] 12.4) 15.6] 15.8 
PEL, MIRO OORICHOP CUATARIOP. ocooccocoscvslesccolloougulooovcluccoclloacucloconclooacc 25.7 | 27.4) 27 
Pd, CON TAD ORO CHATNAGso00000000lse0aallooc00llaavacllooccollooncolloacaclloocco 11 QED) welioee, 
IPL. loncall lenailn Of pineal COP. ccccccealleccaclloococlloaoaclocoocllaccocllocaccllocooc 9.9; 11.6} 10.8 
C), READIES CHEMETORO CHANGER, .cccccaccelloooacllocovcllocccclloooacllanacclloannclloooo- 11 10.6] 10.5 
GC, greatest anteroposterior diameter at 

mbasexoffenam cl Meme wrap eer oye ey er ee aysl| pecan |r Foye | versiove lave teiel| scones ease 16.7} 14.8} 14.3 
Ll, GENIC AMVC CEMAGIDP. oo0500000lle0000llo0000lao0clloa08ellooc0ccllecccclloocncllaooccllooccc 4.6 
1, FRODUCT) UAITVEMTO CHEVAISP. «0 0.0000000|]00000l]o0000|,00000]l2000aloa000fo0000|la000clla000e 6.3} 6.3 
US, ENC PANN ORD CEMA 6 oo000canllocooallooovolloaoacleocaclococcllacacolloovo0clloouce 8.3}| 8 
Length of diastema measured between | 

elhycolll fay C) ein) TEES, & o.o.oS:a 6 od outer ourallors o1c/el lo-ciore ott vedkeet| (heresies [ea anetetel creer] Horse 50.3 | 60 66.5 
Length from anterior end of P4 to posterior 

Gite. HIM soaee'ee sac be Soe mata Ue eas teller tie [eee [econ | eaeseaeed) [ees (eater Ian 50.7| 56 54 
Length from anterior end of C to posterior 

EITC RO fp VIL pn ae Ee Pe eer ne [Drennan este eal tes aN etre Meats eel ees a llamas cute 121.6 |131.5 |140.3 | 


a, Approximate. 


59 


60 THE FELIDA’ OF RANCHO LA BREA 


COMPARATIVE STUDY OF VERTEBRAL COLUMN AND LIMBS 
OF SMILODON AND FELIS ATROX 
VERTEBRAL COLUMN 


VERTEBRAL FORMULA 


The vertebral formula for Smilodon is usually C7, T13, L7, 88, Ca 18+. In 
other words, there is agreement between the sabre-tooth cat and the true felines in 
number of cervical, dorsal, and sacral vertebree, and noticeable difference from such 
types as Felis atrox or the living lion and tiger in number of caudal vertebre. 

In several complete and incomplete vertebral series from Rancho La Brea, 
which have been assembled with considerable patience by J. W. Lytle, certain varia- 
tions from the usual number of thoracic and lumbar vertebre have been noted in 
Smilodon. Thus a type of column has been found by Mr. Lytle in which there are 
apparently 14 thoracic vertebree and 7 lumbar vertebre.* 

The series possessing this peculiarity includes the vertebre from the tenth 
thoracic to the sacrum inclusive. In other words, an additional thoracic vertebra 
is present. This variation in number of dorsal vertebre is occasionally found in 
modern cats. A comparison of the series with one having the usual number of 
twenty dorsal vertebree brings out the following relations: 


Lumbar Thoracic 
ao oF — 
Normal Column: 7-6-5-4—3-2-1 —18-12-11 ....... 
AYYS 8 | AK 
Variant I: 7-6-5-4-3-2-1-14-13-12-11 ...... 


The arrows indicate resemblances between vertebrz in shape of neural spine, 
shape, size and direction of anapophysis. The fourteenth thoracic in the variant 
column differs from the first lumbar in the normal column in the presence of the 
capitular facet for a rib. The seventh lumbar vertebra in Variant I, while possess- 
ing several features characteristic of this segment in the normal column, differs 
from the latter in the peculiar form and size of the transverse processes and in the 
lowness of the neural spine. 

Not only may the dorsal series be increased by one vertebra, but it may appar- 
ently be decreased also by one. In at least one individual from Rancho La Brea 
there are present behind the characteristic eleventh thoracic two additional thoracic 
vertebre (twelfth and thirteenth) followed by six lumbar vertebre. In this series 
the following relationships prevail : 


Lumbar Thoracic 
Normal Column: 7-6-5-4-3-2-1—— 13-12-11 
| SINE SG SS 8 4 
Variant II: 7-6-5-4—-3-2 — — 18-12-11 


ee ee we 


1Tt should be indicated that only in a few instances has it been found possible as yet to reassemble and 
articulate the vertebre belonging to a single individual, furnishing thereby conclusive proof as to the number of 
vertebrae present in the column from the atlas to the sacrum inclusive. In the examples cited in which variations 
from the usual type of column occur, the number of thoracic and lumbar vertebre is based on the recognition 
of certain “key vertebre.’” Thus the eleventh or anticlinal vertebra in the dorsal series exhibits in its trans- 
formation of attitude of zygapophyses a character which readily distinguishes this segment from all other thoracic 
vertebrae. The twelfth also has several structural features clearly distinguishing this element in the thoracic 
series. 
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The arrows indicate similarity between individual vertebre. The six lumbar 
vertebree present in Variant II resemble the last six vertebre in the normal column 
in progressive reduction of the anapophyses, in general shape of the neural spines 
and in type of transverse processes. The last thoracic vertebra in Variant II, 
presumably the thirteenth of the series because it is the second segment behind the 
vertebra having the characteristic structural features of the eleventh, appears to 
combine in a measure the characters of the first lumbar and thirteenth thoracic 
vertebree of the normal column. A resemblance to the first lumbar is suggested 
by the shape of the anapophysis and perhaps by the shape of the neural spine. 
Moreover, when the first lumbar (second) and last thoracic (thirteenth) of Variant 
II are compared in front view, the metapophysis in the latter is seen to be heavier 
than that in the former. This relationship holds also for the metapophyses of the 
second lumbar (second) and first lumbar (first) in the normal column. The last 
thoracic in Variant II resembles the thirteenth thoracic of the normal column, 
particularly in the presence of the capitular facet for the rib. 

Thus with regard to the variation in number and in type of dorsal vertebre 
observed in Smilodon, the following vertebral formule presumably should be re- 
corded: 

(fe Pe eet ns eae Fee 
7 — 14 — 7 — 8 — 1384 
7 — 18 — 6 — 8 — 1384 

In Felis atrox the number of vertebre in the cervical, thoracic, lumbar and 
sacral regions agrees with that of the modern lion and tiger, and may be recorded 
as follows: 

7 — 138 — 7 — 8 — 21 

No complete series of caudal vertebre has been obtained for a single individual 
of either the sabre-tooth or Felis atrox and the actual number of segments compris- 
ing these series can not be stated therefore with certainty. It is, however, clearly 
apparent that the number in Smilodon was distinctly less than that in Felis atrow. 
Presumably the number in the latter species approached that in F’. leo or in F. tigris. 


1g. 17—Atlas viewed from the antero-external side. A, Smilodon californicus Bovard, 
No. 2038-11; B, Felis atrox Leidy, No. 2936-1; x 1/2. Rancho La Brea Pleistocene. 


CERVICAL SERIES 
Plate 16, figs. 1 to 4 
Considerable dissimilarity exists between the sabre-tooth and the modern lion 
in the cervical series. In view of the essential similarity of the series between Felis 
atrox and F. leo there is likewise a noteworthy difference in this region of the column 
between the two dominant feline types from Rancho La Brea. Contrasting features 
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are discussed more fully under the description of the individual vertebrae. The 
striking differences relate to the form of the transverse processes and the inferior 
lamelle, suggesting quite clearly, as appreciated by Matthew (1910, pp. 296-297) , 
a scalene musculature for the sabre-tooth which functioned somewhat differently 
from that in the lion. Viewed from above the transverse processes in the vertebrz 
posterior to the axis project farther out from the bodies of these segments in Smilodon 
than in Felis. The neural arch in the last three vertebra particularly appears to 
be narrower in anteroposterior extent in the sabre-tooth than in Felis atrox. The 
neural spines increase progressively in length from the third to seventh vertebra 
inclusive as in the modern lion. The posterior spines do not show the peculiar 
bifurcation of the tip seen in F’. atrow. In at least some individuals of the latter 
species the spines are relatively short. 


ATLAS 
Plates 17 and 34, figs. 4 to 7 

The most striking difference between Smilodon and Felis atrox in the atlas is 
seen in the shape of the transverse processes. In the sabre-tooth the processes reach 
well behind the posterior articulating surfaces for the axis. In their backward 
extent they taper rapidly and at the posterior end where the inner and outer borders 
meet an acute angle is formed. The posterior end is, however, rounded. Occa- 
sionally specimens have the posterior end broadened laterally. The inner surface 
of the individual process is wide dorsoventrally and extends directly backward and 
outward from the outer end of the articulation for the axis. The anterior border 
of the process is deflected sharply upward. In Felis atrow the transverse process 
resembles in shape that of the large living cats and is broader transversely than in 
Smilodon. The process reaches but little behind the posterior border of the facet for 
the axis. The postero-internal border of the process is indented adjacent to the 
articulating surface. 

The shape of the transverse process in Smilodon is subject to considerable 
variation, as seen in specimens available from the asphalt. In typical specimens 
the shape is like that in the figured atlas, No. 2038-5. In other specimens the proc- 
ess may be quite broad, both anteriorly and posteriorly, as in No. 2038-2. The 
dorsal surface may be flat or broadly concave, particularly when the border turns 
upward. The foramen transmitting a blood-vessel from the vertebrarterial canal 
to the neural canal may lie within the anterior portion of the vertebrarterial canal 
and be obscured from lateral view or it may lie in advance of this canal. 

The contact surface for the axis may be narrower, in the direction taken 
normal to the vertical axis of the facet, in Smilodon than in Felis atvow. The sur- 
face within the neural canal, articulating with the odontoid process, is deflected 
sharply from the posterior articulation. The anterior articulation for the condyles 
of the skull is not so wide as in F. atrox, but is deeper than in the latter form. 
The median tuberosity on the dorsal surface of the neural arch is less prominent 
in Smilodon than in the true felines. The neural arch is longer in anteroposterior 
diameter in Smilodon and at the forward margin is less deeply indented than in the 
extinct true cat. In its forward extent it is deflected downward more than in 
the latter. On the ventral surface of the floor of the neural canal the median posterior 
tubercle for the longus colli muscle is heavy but may not project so prominently 
as in F. atrox. A broad excavation is present on each side of the ventral surface. 
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TasBLE 12—Measurements (in millimeters) of atlas of Smilodon 


| 
2038-1)2038—2|2038—3|2038—4|2038—5|2038—6| 2038-7 | 2038-8 | 2038-9) 2038-10} 
| Greatest width across trans- 
verse processes............| 189.6 | 193 158.7 | 168.1 | 156.7 | 148.6 | 152.4 | 140.5 | 135.5 | 138.2 
Greatest width of anterior 
end across articulation for 
condyles of skull.......... | 79.7 | 87.9) 87.3) 85.38} 88.5) 83 C300 || CIB CO Psa | 
Greatest width across outer | 
borders of articulation for 


ARIS Se gate ia iahsenicl oes 84.6 88.4 80.6 80.3 82.2 78 79.1 71.8 70.7 70.1 
Length from anterior end of 
articulation for condyles to 
posterior end of articula- 
WON HOP OE, ooacccvc000a0 86 82.1 85.8 80.1 85.9 75 80 77.9 69.8 72.9 
| Length of neural arch along 
mMed1anyl iD Cheese ere 45.4 |} 39.2} 42 39.2 | 46.7 | 39.4] 42 38.5 | 36.9 36.4 
| Length of inferior arch along 


MACE IAD cooocomocodceol! Sets 28.1) 30.4 PAL) |} sil} |] BEES) 31.6 29.7 24.3 26.1 
| Greatest length of transverse | 
process, taken oblique to | 
fore and aft axis of vertebra.| 111.8 | 100.2 | 107.8 | 106.8 | 98.6 | 102.4 | 89.9 | 92.7 | 80.1 74.8 
Greatest height from ventral | | 
surface of inferior arch to 
dorsal surface of neuralarch |) 56.7 | 56.6 | 54.8) 51.7 | 53.3 50.1 54.9 | 50 46.0 50.7 


Taste 13—Measurements (in millimeters) of atlas of Felis atrox 


2936—-1|2936—2)/2936—3| 29364) 2936-5 |2936—6|2936—7 | 2936-8 | 2936-9) 2936-10) 


Greatest width across trans- | 
VETSCyDLO CESSES Hee eee 181.8 | 168.7 | 186.7 | 173.2 | 170.5 | 169.6 | 166.4 | 162 156.1 | 144.8 | 
Greatest width of anterior | 
end across articulation for | 
condyles of skull.......... | 88.6} 838.6] 95 | 85.1} 86.4] 86.9] 82 83 75.6 “il 
Greatest width across outer 
borders of articulation for 
BXISM ET ee eRe ee ee 83.5 81.4 86.4 86.9 81.8 | 81.8 79.5 $1.9 78.8 67.2 | 
Length from anterior end of | 
articulation for condyles to | 
posterior end of articula- 


WON TOP EIB. cooovccccevce 81.3} 81.1 92.8 | 86.4) 79.8 | 82.6) 73.3 78.4 | 76.6 73.5 
Length of neural arch along | | | | 
media nglin cae 39.7 | 34.3 | 42.2) 33.6) 36 36.7 | 34.4 34.4 | 32 | 31.2 
Length of inferior arch along | | | 

median line...... a] 30) || PRG) sts PAG || PAE) || PAI | 2) |) 7! 22.4] 24.6 | 


Greatest length of transverse | 
process, taken oblique to | 
fore and aft axis of vertebra.| 73.2 | 70 74.8 | 67.7 | 67.7 | 66.8) 67 | 66.4) 58.8 58 | 

Greatest height from ventral | | 
surface of inferior arch to | | 
dorsal surface of neural arch. . : 
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The groove between the postero-internal border of the transverse process and the 
ventral border of the facet for the axis, which in Felis is broad and clearly defined, 
is only faintly discernible in Smilodon, where it notches the postero-internal border. 

The neural canal, when viewed from the posterior side (plate 17, fig. 6), is more 
sharply defined ventrally and is less capacious than in F’. atvov. The posterior open- 
ing of the vertebrarterial canal is situated immediately adjacent to the outer edge 
of the facet for the axis. In Felis it is situated in the recess adjacent to the facet. 
The opening may be smaller in Smilodon than in F’.. atrox. The depression in front 
of the anterior opening of the canal is noticeably deeper in the sabre-tooth, but is not 
so broad in that form as in the latter. In the latter a broad ridge separates the 
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ventral depression from the dorsal opening into the neural canal. In the sabre- 
tooth a deep groove may extend from the lower depression to the upper foramen 
(fig. 17). 


AXIS 
Plates 17 and 34, figs. 1 to 3 


In the second cervical vertebra of the sabre-tooth, the neural spine projects 
decidedly backward with reference to the position of the posterior zygapophyses. 
The crest line of the spine is straight. The anterior projection of the spine is 
shorter in Smilodon than in the extinct true cat type and does not overhang the 


Fie. 18—Smilodon californicus Bovard. 3d cervical vertebra, No. 2040-2. A, anter- 
ior view; B. dorsal view; C, lateral view; < 1/2. az, anterior zygapophysis, pz, 
posterior zygapophysis, tp, transverse process, hy, hyperapophysis. Rancho La 
Brea Pleistocene. 


anterior opening of the neural canal to the extent seen in the latter form. Between 
the posterior end of the spine and the posterior zygapophysis the posterior border is 
broadly indented. In Felis atrox this border is sinuous. The pedicle of the neural 
arch is broader anteroposteriorly in the sabre-tooth than in the true felines. The 
odontoid process is relatively short and heavy. The anterior articulating surface 
for the atlas faces more directly forward and less outward than in F. atrox. There 
is a greater expanse of bone between the anterior opening of the vertebrarterial 
canal and the posterior border of the transverse process, the opening being situated 
closer to the articulation for the atlas. The transverse process in Smilodon extends 
relatively not so far back but somewhat more ventrally, with reference to the lower 
rim of the posterior face of the centrum. The process may have a sharper termi- 
nation in Smilodon than in F. atrow. 
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The neural canal, as viewed from the posterior end, is triangular in cross- 
section and with rounded corners. The canal is narrower dorsally than in the 


AM VA 
SST N Wy 


A tp 


Fic. 19—Felis atrox Leidy. 3d cervical vertebra, No. 2938-1. A, B, C, same 
views as in figure 18; & 1/2. Rancho La Brea Pleistocene. 


extinct true feline. The great overhang of the neural spine is a noticeable feature 
in posterior view and presents a structure totally unlike that in the true felines. 
In Felis atrox the lamine are carried backward and the rugose posterior surface 


Taste 14—Measurements (in millimeters) of axis of Smilodon 


2039-1) 2039—2)/2039—3|2039—4|2039—5| 2039-6] 2039-7 | 2039-8/ 2039-9] 2039-10 


Greatest length of neural 


SPIN Ghee eerste moe 120.5 | 120.2 | 117.9 | 115.6 | 116.9 | 115.9 | 116.4 98.8 | 101.9 89.1 
Greatest width of posterior 
end of neural spine........ B83 lo ocooc 45.1 | 42 Sed || sks 28.6 | 30.7 | 26.5 22.5 


Length of centrum along 
median line measured par- 
allel to lower surface from 
posterior end to tip of 
odontoid process.......... 102.9 | 107.2 | 108.5 | 105.1 | 107 98.7 | 97.7 | 91.8] 82.8 86.9 

Depth of centrum measured 
normal to floor of neural 
canal and across posterior 
epiphysisseac Gee 26 o2ek 30 30 31.9 26.6 27 26.7 PHIL 21.8 

Greatest transverse width 
across posterior epiphysis 


OH GSNITWING c50000c0000000 41.8 44.3 47 45.8 44.8 42.4 41 40.6 | 39.1 36.9 
Width across articulating sur- 

OSS Stor UIE. ccoosccccccc UU 81.7 | 84.2] 80.6 | 80.7] 76 75.7 | 70.2 | 67.6 63.6 
Width across outer ends of 

transverse processes....... 92.4 | 116 102.7 | 107.7 | 105 93.8 | 92.9 | 93.5] 89.4 94 
Width across posterior zyga- 

DODNY SES hacen ee 65 71.5 | 70.8 | 67.7) 63 63.1 53.4 | 58.7 | 55.6 45.1 


Distance measured in median 
line from lower border of 
posterior epiphysis of cen- 
trum to top of posterior end 
ofeneurallspineseeeE eee 90 101.1 | 103.3 | 100.8 | 102.5 92.5 | 89.4 94.6 77.5 81.4 
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forms a deep cavity, encroaching well upon the smooth surface of the roof of the 
neural canal. In Smilodon the upper end of the overhanging portion of the spine is 
broad transversely. The great width of the end of the neural spine is very well 
shown in dorsal view (plate 17, figure 1). 

The flattening of the dorsal surface of the posterior portion of the neural 
spine may extend forward for a considerable distance in some specimens. In No. 
2039-12 the flattened surface is noticeably broad and tapers forward, extending 
well toward the anterior end of the neural crest. In a single specimen, No. 2039-11, 
the enlarged posterior portion of the spine is divided by a deep cleft into two parts. 


Tasty 14a—Measurements (in millimeters) of axis of Felis atrox 


| 
2937-1) 2937-2 (2937 3|2937—4|2937—5|2937—6]2937—7|2937-8 
- ae Veg are | 
Greatestrlenethroteneuralesp inc ary | 111 al100.2| 102.4) 100.8] ..... 88.1] 108.2} 99.9 
| Greatest width of posterior end of neural spine............ | 54 AV 83) b324)| 247/ 48.3] 41.5} 43 50.6 
Length of centrum along median line measured parallel to | 
lower surface from posterior end to tip of odontoid process.) 99.8 95.9} 101.1] 96.1] 87.9] 85.5] 103 103.7 
Depth of centrum measured normal to floor of neural canal | 
EVCl AGRO FOUN OW” COONAN, ococccccccccvccccccocenc 29 30.6] 28.7) 27.8) 24.8] 24.4] 29.3) 30.7 
Greatest transverse width across posterior epiphysis of | 
(CNH QU aNenettrar comm orientate toon aio oofgA A108 47 47.8} 45.3] 44.3] 39.8] 39 46.8) 46 
Width across articulating surfaces for atlas............... 81.1 SOmONN S15) |e Ae 4s | ieo) | Oral | O soll cid iend 
Width across outer ends of transverse processes............ a93 a98s GE) ll saoce 79.4) 77 95.5} a94 
Width across posterior zygapophyses..................... 68.8 Oil.7/ || G73) Ge 60.3] 58 69.6] 65.4 
Distance measured in median line from lower border of pos- 
terior epiphysis of centrum to top of posterior end of 
neuralispinee jee eel. ae ea ee ee eee 97.3) 100.5] 91 95.4| 79.4] 73.8] 97.6] 97.8 
| 


a, Approximate. 


THIRD CERVICAL VERTEBRA 


The centrum of the third cervical vertebra is deeper in comparison to its width 
in Smilodon than in Felis atrow (figs. 18, 19). The posterior epiphysis does not 
possess the ellipsoidal shape seen in the latter form. The neural canal may be rela- 
tively wide transversely. The neural spine may be considerably reduced in size and 
the remnant of the spine may be as low as or lower than the spine in Felis atrox. Two 
tubercles (hyperapophyses) are frequently present on the dorsal surface between 
the posterior zygapophyses and may project well beyond the posterior border. These 
tubercles appear to be much better developed in the sabre-tooth than in F’. atrow. 

The pedicle of the neural arch is distinctly narrower transversely than in the 
great true feline. At approximately the middle of the outer surface of the 
lateral wall of the canal there is frequently to be seen in the third cervical vertebra 
of Felis atrow a deep depression of varying size, at the forward end of which is a 
foramen through which a blood-vessel penetrates the bone. A similar depression 
is lacking in Smilodon, although small nutrient foramina are to be seen in this 
region. The transverse process is decidedly longer and more slender than in the 
true felines. The outer extremity of the process is small and shows slight bifur- 
cation. 
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Taste 15—Measwrements (in millimeters) of third cervical vertebra of Smilodon 


2040-1)| 2040-2) 2040—3| 2040—4/2040—5 2040-6 2040—7|2040—8) 2040- 9 2040-10) 


| Length from end of anterior | 
| szygapophysis to end of pos- | 
terior zygapophysis........ 75.9 | 74.4 72.4 |) 73.3 (2) || T4.4 65.9 | 63.8] 66.1 63.2 
Greatest length from ends of | 
| anterior zygapophyses to | | | | 
| ends of hyperapophyses....| 90.9 | 83.2) 88.8] 83.9 | 72 79.3 | 68.1 | 69.9 
Length of centrum measured | | | 
normal to posterior face | | | | 


78.7 68.6 


and along median line..... 52 | 49.4 52 51.2] 50.2| 49.6) 48.6] 46.5] 44.8 42.8 
| Width across anterior zyga- | 

PODhY Sesh meee 69.6 | 64.6 | 67 61.4 64 63.1 Ss | BOE) ERY 53.8 
| Width across posterior zyga- | 

DODDY SES! heath tees ee 78.5 | 74.9 73.8 73 75.9 69.1 62.4 Ge || C233 58.2 
Greatest width of neural canal 

atigan terlorzen Cesena 27.6 23.4 ore 23.1 23.5 25 221, PA $9) 23.9 21.4 


| Greatest transverse width of 
| posterior epiphysis of cen- 
TRUM rackets hereon oe 48.9 47 42.6 44.3 43.8 44.6 45 40.6 40.5 38.4 
Greatest width across outer 
ends of transverse processes.| 148.6 | 141 129.1 | 128.1 | 126.8 | 134.9 | 137.3 | 118.6 | 113.8 | 108.3 
Greatest length of transverse 
process from outer end to 
end of antero-internal pro- 
jection of inferior lamella..| 77.7) 80 | 83.2) 76.6 
| Height from median posterior 
border of centrum to top of | 
neural crest. j ed | Sle) Gat 66.4 69.3 68.9 65.8 56.4 51.6 
Depth of cena meneored | | 
normal to floor of neural | 
canal and across posterior | le eee 
eDIPhYSIShPecmno ene BRS | Bil | LO) Bevo |) BS) S/O | Ses |) BH] BS] Bye 


~J 


66.2 | 64.9 70.1 66.3 
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a, Approximate. 
FOURTH CERVICAL VERTEBRA 


The centrum of this vertebra is again relatively deeper in Smilodon than in 
Felis atrox, and the neural canal may be fully as large as in the latter form. The 
length of the dorsal surface, as measured from the end of the anterior zygapophysis 
to the end of the posterior ZY gapophysis, is relatively greater in the sabre-tooth than 
in Ff, atrox. The neural spine is situated at the front end of the neural arch and 
rises higher than in the great lion-like cat. The two tubercles or processes 
(hyperapophyses) lying posteriorly and between the posterior zygapophyses are well 
developed but less pronounced than in the third cervical vertebra. These processes 
are better developed than in the true felines. The anterior zygapophyses appear 
to be directed slightly more toward the inner side and less upward than in F’. atrow. 
Likewise, the posterior zygapophyses are directed slightly more outward and back- 
ward and less downward than in the latter type. Rudimentary hypapophyses may 
be present in Smilodon. 

When viewed from the front, the pedicle supporting the neural arch is relatively 
narrower transversely in the sabre-tooth. A deep and well-defined depression on 
the outer wall of the arch is present in F’.. atrow (fig. 21C). In Smilodon the 
depression is not so striking or is absent. The vertebrarterial canal is large. The 
transverse process is longer and on the whole more slender in Smilodon than in the 
true felines. The bifurcation of the outer end of the process is perhaps more clearly 
marked in the sabre-tooth, but the lower flange or lamella is not so deep as in 
Felis atrow. 
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Fie. 20—Smilodon californicus Bovard. 4th cervical vertebra, No. 2041-8. A, anterior view; B, dorsal view; 
C, lateral view; x 1/2. az, anterior zygapophysis, pz, posterior zygapophysis, tp, transverse process, 
hy, hyperapophysis, il, inferior lamella. Rancho La Brea Pleistocene. 


Iie. 21—Felis atror Leidy. 4th cervical vertebra, No. 2939-1. A, B, C, same views as in figure 20; xX 1/2. 
Rancho La Brea Pleistocene. 
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Taste 16—Measwrements (in millimeters) of fourth cervical vertebra of Smilodon 


2041—1/2041—2/2041—3]2041—4/2041—5)|2041—6/2041—7|2041—8|2041—-9|2041-10 


| 


Length from end of anterior 
zygapophysis to end of , 
posterior zygapophysis..... 74.8 | 78.1 | 78.4} 80:3 | 73.6 | 64.7 | 70.4 | 69.3 | 60.1 60.3 

Greatest length from ends of 
anterior zygapophyses to 
ends of hyperapophyses....| 83.6 | 85 85 89.8 | 81.1] 79 72.8 | 78.7 | 72.8 63.1 

Length of centrum measured 
normal to posterior face 


and along median line..... 49.3 | 50 48.4 | 52.9 | 46.7] 46.5} 46.3 |} 45.3] 41.5 39.5 
Greatest width across anterior 

Zi ADOD NY SCSHER een 94.1 | 84.4 | 85.2 | 84.3 | 83 81.1] 80.5 | 80.1 74.2 70 
Width across posterior zyga- 

DOD LY SESSaee errs 84.8 83.4 84.8 79.5 73.3 70.2 78.7 78.4 74.9 65.3 
Greatest width of neural 

canal at anterior end...... 35 28.2 26.2 27.5 28.4 27.5 94.5 25.9 25.6 25 


Greatest transverse width of 
posterior epiphysis of cen- 


| Greatest width across outer 
ends of transverse processes.| 137.1 | 143.7 | 141.3 | 137.3 | 141.4 | 130.4 | 133.3 | 127.3 | 116.3 | 105.7 
| Greatest length of transverse 
process from outer end to 
end of antero-internal pro- 
jection of inferior lamella. . 
Height from middle of ven- 
tral border of posterior 
epiphysis of centrum to 
top of neural spine........ 99 105.3 | 102.1 93.2 | 96.6 | 95.4} 90 88.9 | 83.1 80.1 
Depth of centrum measured 
normal to floor of neural 
canal and across posterior 
epi phy siseaeeer eee 29.7 29.5 28.9 26.9 28.9 26.3 27 29.8 23.8 22.6 


65.4 | 74.6 | 66.7 | 64.4] 66.1 | 69.6 | 58.5 55.9 
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FIFTH CERVICAL VERTEBRA 


The centrum is deeper than in Felis atrox. On the ventral surface a median 
keel is defined and the hypapophyses are more prominent than in the latter. The 
neural canal is relatively wide transversely and narrow dorsoventrally. The prin- 
cipal axis of the vertebrarterial opening, as viewed from the front (fig. 22A), is 
inclined less from the vertical than in F’. atvov. The pedicles supporting the neural 
arch are slightly narrower than in Felis and are also shorter. The ends of the 
anterior zygapophyses are carried downward farther in front than in the extinct 
true feline and reach a level with the anterior upper border of the centrum. The 
dorsal surface of the vertebra is again longer in the sabre-tooth and the spine reaches 
to a greater height than in F’. atrow. In the latter form the end of the spine is 
expanded transversely and the tip may be bifurcate. 

While a well-marked depression may occur on the outer wall of the neural canal, 
it does not attain the size and depth seen in the great lion-like cat. The lateral 
processes exhibit considerable difference from those of the latter form. In Felis 
atrox, as in the modern cats, the transverse process is short, but the inferior lamella 
is deep, particularly at the forward end. In Smilodon the transverse process is 
long and projects considerably outward and backward. The inferior lamella has 
an entirely different shape from that in the true felines (see fig. 22B and fig. 23B). 
Its greatest depth is reached posteriorly where it extends well below the ventral 
surface of the centrum. The anterior border is nearly straight and extends obliquely 
downward to meet the ventral border. 
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22—Smilodon californicus Bovard. 5th cervical vertebra, No. 2042-5. 
A, anterior view; B, lateral view; * 1/2. az, anterior zygapophysis, 
pe, posterior zygapophysis, tp, transverse process, il, inferior lamella. 
Rancho La Brea Pleistocene. 
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lig. 23—Felis atror Leidy. 5th cervical vertebra, No. 2940-1. 
A, B, same views as in figure 22; x 1/2. Rancho La Brea 


Pleistocene. 


SIXTH CERVICAL VERTEBRA 


The centrum is relatively deep and the vertebrarterial canal is large. The 
neural canal is relatively wide, but narrow dorsoventrally. The dorsal surface of 
the vertebra is comparable in length to that of F. atrow. The neural spine rises 
to greater height in Smilodon than in the true cat. In the latter, the end of the spine 
is broadened laterally and may show signs of a bifurcation. Immediately behind the 
anterior zygapophysis and situated on the dorsal surface is a tubercle from which 
a low ridge extends posteriorly. The anterior zygapophyses are narrow transversely 
and between them the anterior end of the dorsal surface is deeply excavated. The 
outer wall of the neural canal exhibits externally a broad depression in which are 
lodged several nutrient foramina, but a prominent fossa as in the Rancho La Brea 
great cat is not formed. 
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lig. 24—Smilodon californicus Bovard. 6th cervical vertebra, No. 2043-4. 
A, anterior view; B, lateral view; & 1/2. az, anterior zygapophysis, 
pz, posterior zygapophysis, tp, transverse process, il, inferior lamella. 
Rancho La Brea Pleistocene. 


IX 


Fie. 25—Felis atrox Leidy. 6th cervical vertebra, No. 2941-1. 
A, B, same views as in figure 24; x 1/2. Rancho La Brea 
Pleistocene. 


The transverse process extends farther outward and slightly backward in the 
sixth cervical vertebra of Smilodon than in that of the true felines. Its outer end 
is, however, not so tuberous as in the latter. The inferior lamella or plate forms 
a parallelogram and extends farther below the ventral surface of the centrum in 
Smilodon than in the great lion-like cat. Furthermore, the lamella extends more 
directly downward and less outward than in the latter form. The lower anterior 
edge flares slightly outward. Viewed from the side (fig. 24B), the lower border of 
the lamella is seen to be straight. In the true felines a notch is frequently present 
on the lower border and separates the lamella into two parts. In several specimens 
of Felis atrov a distinct notch is absent and the lower border may be straight or 
shghtly concave. 
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Taste 17—Measurements (in millimeters) of fifth cervical vertebra of Smilodon 


2042-1 


2042-4 


2042-5 


2042-6 


2042-2 


2042-3 


Length from end of anterior 
zygapophysis to end of pos- 
terior zygapophysis........ 

Length of centrum measured 
normal to posterior face 
and along median line..... 

Greatest width across anterior 
zygapophyses............. 

Width across posterior zyga- 
pophy ses: snc-neeeenon ee 

Greatest width of neural 
canal at anterior end...... 

Greatest transverse width of 
posterior epiphysis of cen- 
tIUM® 5 Sec CeCe: 

Depth of centrum measured 
normal to floor of neural 
canal and along median line 
of posterior epiphysis...... 

Greatest width across outer 
ends of transverse processes. 

Greatest distance from end of 
transverse process to lower 
posterior end of lamella.... 

Height from middle of ven- 
tral border of posterior 
epiphysis of centrum to 
top of neural spine........ 


64.8 


45.7 
86.4 
83 


31.5 


44.5 


30.2 


150.6 


51.4 


106.5 


66.2 


43.5 
82.1 
$1.4 


30.1 


45.3 


26.9 


157.3 


43.6 


107.7 


69 


143 


44.1 


109.4 


64.8 


101.8 


62.5 


29.5 


136.6 


49.2 


100.6 


69.5 


41 


2042-7 


65.5 


95.1 


2042-8|2042-9] 2042-10 
54.9| 56.6| 54.9 
38.2| 36.8] 38.3 
74.9| 70.5| 71.5 
69.8 | 80.2] 69.2 
29.4] 24.5] 30.7 
39.6 | 39.4| 39.4 
23.8| 25.9] 25 

122.7|116 | 125.4 
37.4| 40.4] 41 
96.6 | 83.6 | 80.2 


Tas_e 18—Measurements (in millimeters) of sixth cervical vertebra of Smilodon 


2043-1 


2043-2 


2043-3 


2043-4 


2043-5 


2043-6 


2043-7 


2043-8 


2043-9 


2043-10 


Length from end of anterior 
zygapophysis to end of 
posterior zygapophysis..... 

Length of centrum measured 
normal to posterior face 
and along median line..... 

Greatest width across anterior 
zygapophyses............. 

Width across posterior zyga- 
pophyses!as ee ere niceine 

Greatest width of neural 
canal at anterior end...... 

Greatest transverse width of 
posterior epiphysis of cen- 
LHe DEN totems ote d cic mica Goro ute 

Depth of centrum measured 
normal to floor of neural 
canal and along median 
line of posterior epiphysis. . 

Greatest width across outer 
ends of transverse processes. 

Greatest width across inferior 
lame] lee tans. sere ne 

Greatest length of inferior 
lamella measured along 
HOKE? 1XOICIEPs ccc cc0p0v0000 

Height from middle of ven- 
tral border of posterior 
epiphysis of centrum to 
top of neural spine........ 


116 


all10 


62.3 


37.1 


61.3 


110 


108.8 


108.2 


59.5 


38.9 
76.8 
76.1 


32.3 


41.4 


27.3 


126.3 


90.4 


65.2 


93.4 


53.4 


53 


91.8 


49.1 


23.5 
111.3 


75 


50.6 


89.4 


a, Approximate. 
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SEVENTH CERVICAL VERTEBRA 


The ventral surface of the centrum is somewhat depressed or concave on each 
side of a low median ridge. The concave surfaces and the intervening ridge extend 
back to the posterior epiphysis. The surfaces are frequently marked by low sharp 
ridges which extend anteroposteriorly. In the extinct true feline, on the other 
hand, no distinct median ridge is formed and the posterior half of the ventral 
surface is broadly convex transversely. Slight as these characters may appear to 
be, they have been found useful in distinguishing the seventh cervical vertebre of 
Smilodon and Felis atrow in the Rancho La Brea collections. Another distinguishing 
feature of value in separating these vertebre at first glance is presented by the 


Fic. 26—Smilodon californicus Bovard. 7th cervical vertebra, No. 2044-6. 
A, anterior view; B, dorsal view; C, lateral view; xX 1/2. az, an- 
terior zygapophysis, pz, posterior zygapophysis, tp, transverse proc- 
ess. Rancho La Brea Pleistocene. 


dorsal surface. In Smilodon, a low ridge or a series of small tubercles extends 
straight backward from the postero-inner end of each anterior zygapophysis. In 
F. atrox, this ridge is absent and a low but prominent tubercle situated on the dorsal 
surface of the posterior zygapophysis is separated from the posterior border of the 
anterior zygapophysis by an open groove or channel. 

The neural spine is relatively heavy in Smilodon. The spine in typical speci- 
mens widens transversely below the dorsal end. The anterior zygapophyses appear 
in general to be narrower transversely than in F’. atrow and extend farther forward 
with reference to the anterior face of the centrum. These differences, however, are 
not clearly evident in the figured specimens. The neural canal may be subtriangular 
in outline. The pedicle supporting the neural arch, as seen from the front (fig. 26A), 
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appears to be slightly narrower in the sabre-tooth than in F. atrox. The transverse 
processes are distinctly longer and more slender than those of the Rancho La Brea 
true cat and their outer ends are not so heavy as in the latter form. 

In a series of approximately 570 specimens representing the seventh cervical 
vertebra of Smilodon, at least 18 show evidences of a vertebrarterial canal. In five 
of these specimens a closed vertebrarterial canal is present on each side. The 
diameter of the canal may vary in size from 2.5 mm. to 16.8 mm. Seven specimens 
have the canal only on the right side, four only on the left. Two specimens exhibit 
a partial closing of the canal by development of a process extending inward and 


ig. 27—felis atrox Leidy. 7th cervical vertebra, No. 2942-1. 
A, B, C, same views as in figure 26; xX 1/2. Rancho La Brea 
Pleistocene. 


downward (No. 2044-11) or by the development of an inferior lamella extending 
down from the outer ventral surface of the centrum (No. 2044-12). 

The position of the vertebrarterial canal when enclosed is always lower with 
reference to the centrum in the seventh vertebra than in the preceding vertebre. 
The canal in nine vertebre is closed by a bar of bone which extends outward from 
the ventro-external margin of the centrum to the transverse process. In one speci- 
men, No. 2044-13, a well-defined suture is present where the contact is established 
with the transverse process. Several variations occur in the development of proc- 
esses below the vertebrarterial canal. An inferior lamella may be present, as in 
specimen No. 2044-14, which extends well below the lower bar enclosing the canal. 
In specimen No. 2044-15 the inferior lamella, in contrast to the thin plate-like 
structure in preceding vertebre, is quite thick and heavy. In this specimen, also, 
a small process extends forward and slightly inward and downward from the an- 
terior border of the lower bar. 
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The twenty or more specimens of the seventh cervical vertebra of Felis atrou 
available from Rancho La Brea show none of the variations relating to the closing 
of the vertebrarterial canal and to the structures adjacent to this canal as seen in 


Smilodon. 
Tas_e 19—Measurements (in millimeters) of seventh cervical vertebra of Smilodon 


2044—1/2044—2| 2044-3) 2044-4 2044—5|2044—6 2044-7 2044-8 | 2044—9| 2044-10 


Greatest height measured 
from ventral border of pos- | 
terior epiphysis of centrum 
to tip of neural spine...... USZ/oll |} US 130 UZ || WHS |) WABI | SIL |) MO |) OSI |} NO 

Length of centrum measured 
normal to surface of pos- 
terior epiphysis and along 
mMedianvlineseseeeee eee 40.8 | 39.2} 40.4} 39.3} 35.5| 36.3] 36.6] 36 37.7 33.8 

Depth of centrum measured 
normal to floor of neural 
canal and across posterior 
SDIDHVSISte ee one ne. 29.3| 24.7] 29.8] 27.8| 28.4] 27.4] 25 25.5 | 26.7| 27.8 

Greatest transverse width of 
posterior epiphysis of cen- 


ELUNE wie begero nis iesterene a tio 43.2 41.5 42.8 41.7 | 42.8 44.6 39.2 | 40.6 41.4 42 
Width across transverse proc- 

CSSESBer mitre rca acan cate neh aes 139.1 | 137.5 | 188.9 | 134.6 | 135.2 | 138.4 | 126.3 | 131.4 | 129.6 | 117.3 
Width across anterior zyga- 
DODHY Ses pee ire eet 88.6 | 83.4] 81.1] 84.6] 78.4] 76 79.2 | 71.9 | 82.9 Wds 

Width across posterior zyga- 
DOPNY SESS Rec Tne CY i estZbN ed |) Seka |) 7ee/ |) Ceks3 |) REN 7A) 7a) 70.4 | 


Length from ends of anterior 
zygapophyses to ends of | 
posterior zygapophyses....| 65 6227 || 59 64.2 | 55.7 | 57.7) 59 53.4 | 57.4 5 | 

Greatest dorsoventral diame- | 
ter of neural canal at | 
EVMIHOP GMCs ooocccooodeoe 26 DAB | 8 | DAK | O26) 29.8] S05) Bil 24.7 18.5 | 


TasLe 20—Measurements (in millimeters) of seventh cervical vertebra of Felis atrox 


l 
2942-1)2942-2 2942-3/2942--4)2942-5/2942 6) 2942-7) 2942-8) 2942-9] 2942-10 


Greatest height measured 
from ventral border of pos- | 
terior epiphysis of centrum 
to tip of neural spine...... 132.7 |a111.4 | 119.8} 103.7 

Length of centrum measured | 
normal to surface of pos- | | 
terior epiphysis and along 
Medi ane iN Coe 38.6 38.5 41.9 34.5 36.9 34.6 35 37.6 36.2 36.6 | 

Depth of centrum measured 
normal to floor of neural 
canal and across posterior 


= 
a 
we 
q 
= 
an 
(yy 
Co 
a= 
a 
ns 
“NI 


epiphysisher rc aoe Cees 29 29.9 31 24.4 25 25 27 31.9 SEZ, 31 
| Greatest transverse width of 

posterior epiphysis of cen- 

CRU) era iss sees | 45.4 42.6) 47.9 37.5 39!6i)) 37251) 43 45.8 45 42.6 | 
Width across transverse zyga- 

DODRYSESte recy ra ess 118 119.4} 123.8] 111.2] 104.3) 104 112.4 | 120.1} 123.5 | al17 
Width across anterior zyga- | 

pophyseswrere a eee. 81 79.4| 88 WAG! OB) AO! ede) BB) EBL || Se. 
Width across posterior zyga- 

pophysessecen ence ae ase 75.3| 76.4} 84.1} 69.5) 73.9] 69.5] 69.9) 75 75.4 77.4 | 


Length from ends of anterior | | 
zygapophyses to ends of | | 
posterior zygapophyses....| 57.4) 57 59.2) 53.3) 53 50.8| 55.5] 59.8] 63 57.3 

Greatest dorsoventral diame- 
ter of neural canal at 
anvenioWen Caen er ne 21 WO] PBv¢ |) Bi Vil MS || BANs7 || Bil¢|) 204s 18.6 


a, Approximate. 
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Trig. 


28—Smilodon californicus Bo- 
vard. Ist thoracic vertebra, No. 
2045-4. A, anterior view; B, 
ventral view; C, lateral view; 
x 1/2. az, anterior zygapophy- 
sis, pe, posterior zygapophysis, tp, 
transverse process, tr, facet for 
tuberculum of rib, er. facet for 
capitulum of rib, df, demitacet. 
Rancho La Brea Pleistocene. 


Fie. 29—Felis atror Leidy. 1st thoracic 
vertebra, No. 2943-1. A, B, C, same 
views as in figure 28; X 1/2. Rancho 
La Brea Pleistocene. 


COMPARATIVE STUDY OF VERTEBRAL COLUMN AND LIMBS 0 


THORACIC SERIES 
Plates 18 and 19, figs. 1 and 2 


In comparing the thoracic series of Smilodon with a series of the modern lion, 
having approximately the same total length, less difference is to be noted than exists 
in either the cervical or lumbar series of these types. The differences which exist 
in this region of the column involve to less extent structural details and are concerned 
primarily with the proportions of individual parts. In the sabre-tooth the segments 
are heavier, as revealed particularly by the greater breadth as measured across 


Taste 21—Measurements (in millimeters) of thoracic vertebre of Smilodon 


Vertebree 1 2, 3 4 5 6 7 8 9 OW ele 12 13 


Length from end of anterior zygapophy- 


ses to end of posterior zygapophyses...| 60.3) 57 57.2| 56.4) 60.7) 58.7) 58.2) 57.4) 60.8/57.6/61 6GoRoliono 
Length of centrum measured normal to 

posterior face and along median line...| 36.7| 34.7) 34.8) 35.5) 35.1) 35 34.5] 34.9) 34.8/384.5/388.7| 40 [41.3 
Greatest width across anterior zyga- 

DODhY Sesser eee Oe iat eine 74.5) 55 45.1} 40.8} 38.8] 38.4) 37.5) 35.9] 33 |32.7/33.6) 37.7/27.8 
Greatest width across posterior zyga- 

DODNYSCS5: i ee eee ors Seite 50 46 41.6) 39.3) 39.9} 40.6} 38.2) 34.8) 34.6)/86 |36.4| 26.4/384.4 
Height of neural canal at anterior end...| 20.6) 18.7) 16.4) 15 11559)| 11) 17.2) 17.6) 18.2}18.1]16.1) 16.8)14.4 
Greatest transverse width of posterior face 

of centrum across capitular facets..... 48 52.7) 54 O).@) 0.8) 60.5) 63.3) S33] 43. GOH. oo cllooode 


Depth of centrum measured normal to 
floor of neural canal and along median 


line of posterior epiphysis............ 28 28.8) 28.8) 28.5) 28.2) 28.5) 27.8) 27.7) 28.7|28.9)29.9| 29.7|30.5 
Greatest width across outer ends of 

tramsverse processeS................. 110.6} 98.3)a89 82.3] 85.2] 85.5} 84.5) 80.6]a77 |78.7/73 59.1/60.5 
Greatest anteroposterior diameter of 

outer end of transverse process........ 26.6, 24.5) 26.3} 20 KO) .2| 24,445) Pl} 283 OyEh PRS. IPA) 8} 6 oc a ollocace 


Height from middle of ventral border of 
posterior epiphysis of centrum to top 
O? MEUAll FOI. coooccceocogcocn0400 a116.2/127 3/124 4/123 5/119. 8}117.6)115.8)110. 4/101 .6/95.8)93.2) 67.7|94 

Length of spine from middle of notch 
between anterior zygapophyses to top 


measured parallel to anterior end..... a74..4) 86.1) 93.3] 98.9) 95.7) 95.2) 96.5) 99.8) 92.5/85 |76.9)..... 48 9 
GCRENONE TAC DORE HANNON WAIES. 060 ole occclloovcollooccclloooccllecoccllooocnlloo coll Herat ca Mato a ....|..../466 |67.9 
Greatest width across outer ends of | 

AN ADOD NY SCS eee eRe Re eae Sete d terest ariel As surerons | (beeieel| Peseecoecrc ll pencwetel terse, cilleSises-cllossusneral] Wreveune soostooo ol GB.HGs) 
Greatest width of posterior epiphysis of 

COMA: 554500 G0'd.06 08 SOF noe Bard alo eel love retitet ec ats | Ee aaa Gt ote soscseetl [espeslAieaees| Pemerreserser| [terne-Gteecel I nena] (ean ee ....|41.9}] 41.8/42.8 
Greatest length from end of metapophy- 

25D Gael CH GENE poocadcadesleoehaalloaoosllanedoltse¢ ool wee-aa| lect aol lmeceveol leascieal loner scoollecocl BoA oe 


a, Approximate 


the centrum and transverse processes. The neural spines are likewise somewhat 
sturdier than in F’. leo, but their length may not be appreciably different from, or 
may be actually less than that in the latter species. The centra in the sabre-tooth 
are relatively shorter anteroposteriorly than in the lion. This is particularly evi- 
dent in the last two thoracics, the shortening here foreshadowing, as it were, the 
persistent shortness of the elements comprising the lumbar series. The facets for 
articulation of the ribs are also larger in the sabre-tooth than in the lion. 


FIRST THORACIC VERTEBRA 


The centrum of the first thoracic vertebra, when measured posteriorly, gen- 
erally exhibits a slightly greater depth in Smilodon than in Felis atrox. A distinct 
median keel on the ventral surface is present, and immediately adjacent to this 
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Brea Pleistocene. 


Fie. 31—Felis atrox Leidy. 


tocene. 


Fie. 30—Smilodon californicus Bovard. 2d 
thoracic vertebra, No. 
terior view; B, ventral view; C, lateral 
view; X 1/2. Processes and facets as 
in Ist thoracic vertebra. Rancho Ta 


2046-3. A, an- 


2d thoracie verte- 


bra, No. 2944-1. A, B, C, same views as in 
figure 30; x 1/2. Rancho La Brea Pleis- 
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ridge the surface is concave transversely. In the latter, the median ridge 
of the centrum is not so distinct and the surface adjacent to it on either 
side is not depressed to the extent seen in the sabre-tooth. The transverse processes 
are noticeably longer in Smilodon (fig. 28B) and differ also from those of F’. atrow 
in their slight backward trend. The capitular facet (ci) is usually broader in 
the sabre-tooth and faces more toward the ventral side and less toward the outer 
side than in F’. atrov. The neural spine is strongly developed and may be slightly 
expanded transversely at the tip. In most specimens the spine is relatively not so 
wide anteroposteriorly as in F. atvow. When viewed from the side the anterior border 


TaBLE 22—Measurements (in millimeters) of first thoracic vertebra of Smuilodon 


2045-1) 2045-2) 2045-3 | 2045—4| 2045-5) 2045-6 | 2045—7/| 2045-8 | 2045-9] 2045-10 


Length from end of anterior | | 
zygapophysis to end of | 
posterior zygapophysis..... | 67.8 | 64.6 | 61.3 | 60 57.5 | 61.6) 58.2] 56.1) 55.2 57.4 

Length of centrum measured 
normal to posterior face 


and along median line..... ADA 398 | 3723) |) 37-4) |) 93825) 37-3) || 36:8) |) 35.37)" 33 34 
| Greatest width across an- | | 

terior zygapophyses....... 81.4 | 85.6 | 80.3 | 76.4 71.9 | 80.4 74.7 78.1 77.4 led 
| Width across posterior zyga- | | 

OOO HIS, oopoooeeucnacgde 63.1 59.4} 68.2] 55.6] 51.4 59.9 | 60.1 51.5 | 54.3 | 51.3 | 
| Height of neural canal at | | | 


EmMiKsHOr EMCl,ccoccvcscccce PRU || 2BPRoal |) Bs |) SOS |) AAO |) Pl) |) Oa} |), Pages |} ites 19:5 | 
Greatest transverse width of | | | 

posterior face of centrum | 

across capitular facets..... 57.4 | 59.1 OAC Ole 104245 553 53.3 51.5 | 51 48.6 
| Depth of centrum measured | 

normal to floor of neural 

canal and along median line | 

of posterior epiphysis......| 30.2 | 31.1 29.5 | 27.6 | 28.9} 29.8) 32 29.9} 31.3 27.6 
Greatest width across outer | 

ends of transverse processes.| 134.5 | 135.5 | 131.1 | 118.6 | 115.6 | 122.9 119.4 | 112:3 | 112.4 | 110:7 
Greatest anteroposterior di- | | 

ameter of outer end of | 

transverse process.........| 32 32 32.2 | 29.8 30 | 29.3 31.9 28.4 270.6) || 27, 
Height from middle of ventral | 
| border of posterior epiphy- | 
sis of centrum to top of | 
MOURA FOWOsoccc00c 0000] LEAS || ISL2/ | M7 |) ISB | 127.6 | 128.3 | 138.4 | 130.3 | 117.9 | 115.6 


of the spine is seen to be slightly convex, straight or slightly concave in its upward 
extent. The anterior profile of the spine in F. atrow is broadly convex in its 
upward sweep from the neural arch to the tip and readily distinguishes this element 
from that of the sabre-tooth. Large nutrient foramina, which are frequently to be 
seen perforating the dorsal surface of the neural arch between the zygapophyses 
in F’. atrox, are as a rule not so conspicuous in Smilodon. The height of the neural 
canal is greater in the sabre-tooth than in F. atrox. The anterior zygapophyses 
may be well developed in Smilodon and may be directed less steeply toward the 
median line than in the former type. 


SECOND THORACIC VERTEBRA 


The centrum is not so wide as, but is deeper than, that of the second thoracic 
vertebra of Felis atrow. The ventral surface again exhibits the characteristic dif- 
ference between the sabre-tooth and F. atrox, a median ridge being present in 
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Fig. 32—Smilodon californicus Bovard. 3d_ thor- 
acie vertebra, No. 2047-7. A, anterior view; 
B, ventral view; C, lateral view; X 1/2. Proc- 


esses and facets as in Ist thoracic vertebra 
Rancho La Brea Pleistocene. 


Fig. 33—Felis atror Leidy. 
No. 2945-1. 
BH8 dK Ws 


3d thoracic vertebra, 
A, B, C, same views as in figure 
Rancho La Brea Pleistocene. 
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Smilodon while in the latter no distinct ridge is formed. The transverse processes 
are longer in the sabre-tooth and the anterior zygapophyses project farther forward 
than in the true felines. The posterior zygapophyses may be farther apart than in 
the latter. As in the true felines, the anterior zygapophyses are directed for the most 
part inward and upward, in which respect they are like those of the first thoracic 
vertebra, while the posterior zygapophyses are slightly concave in their long axes 
and are directed downward. Occasionally the anterior zygapophyses are distinctly 
U-shaped or V-shaped, as viewed from the anterior side, the inner portion of the 
articulating surface extending upward along the face of the neural arch. The in- 
tervertebral notch is larger in the sabre-tooth than in Felis atrow. 

The neural spine is thin in front but widens to the posterior side. Terminally 
the spine widens transversely. In F. atvow the thinness of the front portion of the 
lower half of the spine is, as a rule, somewhat more accentuated than in Smilodon 
by the presence of lateral depressions. However, in some specimens of the sabre- 
tooth from Rancho La Brea similar depressions have been noted. The spine is 
apparently not expanded at its dorsal end to the extent seen in Smilodon. The front 
profile of the spine in F. atrox may exhibit some of the character noted in the first 
thoracic vertebra of this form, differing in this respect from that of Smilodon. 


TasLe 23—Measurements (in millimeters) of second thoracic vertebra of Smilodon 


2046—-1|2046—2)2046—3|2046—4|2046—5)2046—6/2046—7/2046—8|2046—9| 2046-10 


Greatest length from end of 
anterior zygapophyses to 
end of posterior zyga- 
DODNY SCS Hee ie eres 48.5 56.9 64.7 56.6 52.4 57.1 62.4 52 55.4 52.4 

Length of centrum measured 
normal to posterior face 


along median line......... 34.8 | 36.1] 38.4] 35 3f.d || 35.4 | 36.6) 34 32 30.9 
Greatest width across an- 
terior zygapophyses....... 63.7 70.4) 74.4! 66.9] 65.4] 62 55.3 | 68.2 57.4 66.3 
Greatest width across pos- 
terior zygapophyses....... 41.8 | 44.7) 49.9] 48 47 44.9] 46.7] 41 40 36.6 
| Height of neural canal at 
anterlowen Caen eee 22.1 20.9 | 22.8} 23.5 USL || P28 18.3 | 20 16 15.7 


Greatest transverse width of | 
posterior face of centrum | 
across capitular facets..... DEAN OMe 2 OO neo 4 ONO On OStOn MO Meon | OOr4al mos 48.3 

Depth of centrum measured 
normal to floor of neural 
canal and along median 
line of posterior epiphysis..} 27.8) 30.4 | 33.4] 28.3] 31 Diss || POS || SOK! || 3B 28.6 

Greatest width across outer 
ends of transverse processes.| 97.3 | 109.1 | 109.8 | 109.3 | 105 101.8 | 96 101.9 | 91.8 89.1 

Greatest anteroposterior di- 
ameter of outer end of 
WEDOENACHESO) TORO Socccoccaal) Zo |) Asht/ || Aedes || Po PEL |) hy) BRyIl |) ye 23.7 22.5 

Height from middle of ven- 
tral border of posterior 
epiphysis of centrum to 
top of neural spine........ 152.6 | 152.5 | 149 141.3 | 142.4 | 138.4 | 129.2 | 131.2 | 123 114.4 
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Taste 24—Mcasurements (in millimeters) of third thoracic vertebra of Smilodon 


|2047-1|2047-2 2047-3 | 2047-4 2047-5 2047-6 2047-7 | 2047-8) 2047-9 2047-10 


Greatest length from end of 
anterior zygapophyses to 
end of posterior zyga- 
INOVONPTSs coccoancvcaaccccus G5 || COL |) Glo) G2] Sil | & 54.6 | 548) 52.5 53.2 

Length of centrum measured 
normal to posterior face 


along median line......... 38.5 | 36:8 | 35:4 | 38:1 35.4 | 37.8 | 35.1 S¥b I) || RRB 34.6 
| Greatest width across an- | 
| terior zygapophyses....... 54.1 49.5 | 56.3) 494] 51.6) 50.9 | 47 43.8 | 42.8 43.9 ! 
Greatest width across pos- 

terior zygapophyses....... 49.5} 41.8] 46.7] 39.38} 48 43.7 | 44.6) 39.5 |) 35.7 36.7 
Height of neural canal at 

ERMIAOP GNC coanseaceedcc 22.1 77 | 21-4) 18:4) 20:6) 171 19.3 | 16 17.8 NG) 


Greatest transverse width of 
posterior face of centrum 
across capitular facets... .. 58.9 | 56.9 | 62.5) 63.1 | 58.4] 62.5] 54.7] 54.9) 50.1 51.4 

Depth of centrum measured 
normal to floor of neural 
canal and along median 

‘ line of posterior epiphysis..| 29.7 | 29 29°6 | 2927) 28:6 | 30:6 || 31-2)) 28°97) 26:3 26 

Greatest width across outer 
ends of transverse processes.| 105.8 | 94.9 | 97.9} 98.8 | 95.9 | 101.7} 95 92 86.4 85.6 

Height from middle of ventral 

| border of posterior epiphy- 

| sis of centrum to top 

| Ot mewTeAl FONAO.ccasccacone 143.3 | 146.2 | 139.8 | 137.5 | 140.5 | 138.1 | 131 124.8 | 124.3 | 117.8 


ia. 34—Smilodon californicus Bovard. 4th thoracic Fig. 85—Felis atror Leidy. 4th (?) thoracie vertebra. 
vertebra, No. 2048-1. A, anterior view; B, lateral No. 2946-1. A, B, same views as in figure 34; x 1/2. 
view; x 1/2. Processes and facets as in Ist Rancho La Brea Pleistocene. 


thoracie vertebra. Rancho La Brea Pleistocene. 
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36—Smilodon californicus Bovard. 5th tho- 
racie vertebra, No. 2049-1. A, anterior view; 
B, lateral view; X 1/2. Processes and facets 
as in Ist thoracic vertebra. Rancho La Brea 
Pleistocene. 


ia. 87—Smilodon californicus Bovard. 6th tho- 
racic vertebra, No. 2050-1. A, anterior view; 
B, lateral view; x 1/2. Processes and facets 
as in Ist thoracic vertebra. Rancho La Brea 
Pleistocene. 


38—Smilodon californicus Bovard. 7th tho- 
racic vertebra, No. 2051-1. A, anterior view; 
B, lateral view; x 1/2. Processes and facets 
as in Ist thoracic vertebra. Rancho La Brea 
Pleistocene. 
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Fie. 39—Smilodon californicus Bovard. 8th thoracic vertebra, No. 2052-1. 
A, anterior view; B, lateral view; x 1/2. Processes and facets as in 
Ist thoracic vertebra. Rancho La Brea Pleistocene. 


Fie. 40—Smilodon californicus Bovard. 9th thoracic vertebra, No. 2053-1. 
A, anterior view; B, lateral view; x 1/2. Processes and facets as in 
Ist thoracic vertebra. Rancho La Brea Pleistocene. 


Fic. 41—Smilodon californicus Bovard. 10th thoracic vertebra, No. 
2054-1. A, anterior view; B, lateral view; XxX 1/2. Processes 
and facets as in Ist thoracic vertebra. Rancho La Brea Pleisto- 
cene. 
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Fig. 42—Felis atror Leidy. 10th thoracie vertebra, No. 2952-1. 
A, B, same views as in figure 41; < 1/2. Rancho La Brea 
Pleistocene. 


ELEVENTH THORACIC VERTEBRA 


The most striking feature of this vertebra in Smilodon and in the true felines, 
distinguishing it from preceding and following thoracic vertebre in the column, is 
the difference between the anterior and posterior zygapophyses. In this segment the 
anterior zygapophyses have a shape and position like those of the thoracic vertebre 
immediately in front of it. That is to say, the articulating surfaces are flattened 
or slightly convex and are directed for the most part upward. The posterior zyga- 
pophyses, however, are not directed downward for the most part as in preceding 
vertebra, but face outward and resemble those in the vertebree, which follow. 

In a series of 487 specimens representing the eleventh thoracic vertebra, at least 
29, or approximately 6 per cent of the total number, show the peculiarity of a divi- 
sion of the neural arch along the median line. This lack of fusion of the two halves 
of the arch is quite independent of age, since it occurs in both old and young speci- 
mens. When a distinct neural spine is present in vertebre having this character, 
the major portion of the spine may lie to the left or to the right of the line of 
division. 

The degree to which the neural spine develops in Smilodon is apparently subject 
to considerable variation. In a series of 448 specimens of this vertebra, a somewhat 
arbitrary grouping yields 117 specimens in which a spine is absent, 192 specimens 
have well-developed spines, and 139 specimens are regarded as intermediate in that 
the spines are small, rudimentary, or relatively slender. No sharp separation can 
be made, however, between the individual groups. When a well-developed spine is 
present, it resembles considerably the spine in the vertebree which immediately pre- 
cede the eleventh (tenth and ninth for example). It may be wider in anteroposterior 
direction than in the latter vertebree. This type of spine is directed well posteriorly 
and overhangs the twelfth vertebra. The spine in some specimens, particularly 
when slender, may be directed more upward and less backward than in individuals 
in which a stout spine is present. In this respect the spine resembles that usually 
seen in the great lion-like cat. In specimens of the eleventh vertebra in which a 
spine is lacking, the posterior end of the crest of the neural arch may be bifurcate. 
Seemingly the backward trend of a well-developed spine is a more common occur- 
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rence in Smilodon than in Felis atrox, although no series of comparable size of the 
latter form is available for comparison. In a series of 25 specimens of the eleventh 
vertebra of F’. atvox, only one shows a spine of distinctly larger size than that in the 
remaining 24. In this specimen, No. 2953-1, the spine, while broken at the top, 
appears to extend more directly upward and less backward than in the sabre-tooth. 


43—Smilodon californicus Bovard. 11th thoracie 
vertebra, spineless type, No. 2055-3. A, anterior 
view; B, lateral view; xX 1/2. m, metapophysis, 
an, anapophysis, pz, posterior zygapophysis, tr, facet 
for tuberculum of rib, er, facet for capitulum of rib. 
Rancho La Brea Pleistocene. 


Fig. 44—Felis atror Leidy. 11th thoracie vertebra, 
No. 2953-8. A, B, same views as in figure 43; 
<x 1/2. Rancho La Brea Pleistocene. 


Fig. 45—NSmilodon californicus Boyvard. 11th tho- 
racic vertebra, No. 2055-2. A, anterior view; 
B, lateral view; xX 1/2. Note well-developed 
neural spine. Rancho La Brea Pleistocene. 


Demifacets on the posterior epiphysis of the eleventh thoracic vertebra, articu- 
lating with the head of the twelfth rib, are occasionally present in Smilodon. In a 
series of 458 specimens of this segment 22 possess a demifacet on each side of the 
epiphysis, 12 have a demifacet only on the left side, and 12 only on the right. 
It is a curious fact that the facets occur in vertebre having a neural spine and are 
absent in the series of 117 vertebrze in which no definite spine is present. 
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The centrum is relatively deep but not so wide in Smilodon as in Felis atrow. 
On the ventral surface a more or less well-defined median ridge is present in the 
sabre-tooth, while in F’. atvow the ventral surface is broadly convex transversely and 
concave anteroposteriorly. At approximately the middle of the posterior end of the 
outer surface of the centrum in F. atrow a rudimentary process, which may be con- 
sidered as a lower transverse process, can be seen. In posterior view this is ex- 
pressed by a slight lateral projection from approximately the middle of the outer 
border of the epiphysis. In one specimen of F. atvov of Rancho La Brea, a styloid 
process is developed in this region. No kindred structures have been found in 
Smilodon. 


TasLp 25—Measurements (in millimeters) of eleventh thoracic vertebra of Smilodon 


| 
2055-1 2055-2 2055-3| 2055-4 2055-5) 2055-6 | 2055-7) 2055-8) 2055 9) 2055-10 


Greatest length from end of 
anterior zygapophysis to 
end of posterior zyga- | | 
DODDYSISHR Geer ae 67.4 | 55 61.5 | 62.2 | 66 67 N49) || S05 || SH! 49 
Length of centrum measured 
normal to posterior face 


along median line......... 41.3 | 41 38.7 | 39.4] 41.4] 40 Bi) || sex) || s¥h6 31.8 
Greatest width across an- 
terior zygapophyses....... 40.2 | 32.1 35.5 | 40 35 41-8 | 33:5 || 35:4 || 30:8 32.9 
Greatest width across pos- | | 
| terior zygapophyses....... 36.4 | 32:3) 30:9 | 35.4 | 27.7 | 44.8) 28 29 27.1 20.8 


Greatest transverse width of 
posterior face of centrum..| 45.4 | 50.8} 42.8] 44.5) 43.1 45.5| 36.8] 36.6) 37.9 34.5 
Depth of centrum measured 
normal to floor of neural 
canal and along median 
line of posterior epiphysis. .| 28.8 | 28 SOLS} || SOL) || Suds || S|) BS 26.6 | 26.4 25.6 
Greatest width measured 
from outer ends of facets 
fomtubercleloferibsess ee 
Height from middle of ven- 
tral border of posterior 
epiphysis of centrum to | | 
top of neural spine........ 111.4 | 104.4 70.7 97.7 | 103.3 | 102.5 | 59.6} 88.7} 82.9 64.2 
Length of spine from middle | 
of notch between anterior 
zygapophyses to top meas- 
ured parallel to anteriorend.| 87.7 | 78.9)...... | 78 CYL || SOL occ occ 68.5 | 60.5} 41 
Greatest anteroposterior di- | 
ameter of plate above facet | | 
for tubercle of rib......... 42'2)| 38:7 || 35 Sete) || oxesi il Brey | Sie) |] 247/ 32 Pol 
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In the sabre-tooth the neural canal is relatively large, as is also the interverte- 
bral notch. In Smilodon the anterior zygapophyses project distinctly beyond the 
anterior face of the centrum. In the true cat of the asphalt, on the other hand, the 
zygapophyses usually do not reach beyond this face. The posterior zygapophyses 
may face squarely outward or slightly downward and backward as well. In F. atrox 
the ridge extending downward and forward from the lower end of the posterior 
zygapophysis to the posterior face of the pedicle of the neural arch is sharp. In 
Smilodon the ridge is usually broader. 

The plate-like structure above the tubercular facet for the rib, from which are 
formed the metapophysis and anapophysis in the following vertebrz, occasionally 
permits an identification of these processes in the eleventh. The structure is never 
as long in anteroposterior direction as in F’, atvox, due to a much less projection of 
the anapophyseal portion. 
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TWELFTH THORACIC VERTEBRA 


In this segment a median ridge is again defined or suggested on the lower 
surface of the centrum, in which respect Smilodon differs from Felis atrox. In the 
latter type the lateral projections, rudimentary transverse processes, are situated 
lower along the sides of the centrum than in the sabre-tooth. While the metapophy- 
sis and anapophysis are distinct in this vertebra, they are not so clearly differentiated 
in Smilodon as in F. atrow. In the latter the structures are slender. The anapophy- 
sis has usually a broader base in the sabre-tooth and the metapophysis often pro- 
jects well outward from the margin of the anterior zygapophysis. A distinguishing 
feature of the twelfth vertebra in Smilodon is the presence of a relatively broad 
plate-like structure lying in front of a ridge extending downward and slightly back- 
ward from the anterior border of the metapophysis. This structure forms the outer 
wall of the front portion of the anterior zygapophysis and the side of the pedicle. 


x fi 
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Fic. 46—Smilodon californicus Bovard. 12th thoracic ic. 47—Felis atror Leidy. 12th thoracic vertebra, 
vertebra, No. 2056-1. A, anterior view; B, lat- No. 2954-1. A, B, same views as in figure 46; 
eral view; X 1/2. Processes and facets as in <x 1/2. Rancho La Brea Pleistocene. 
llth thoracic vertebra. Rancho La Brea Pleis- 
tocene. 


Its separation from the lateral wall of the metapophysis and anapophysis is clearly 
defined by the ridge described above. There are, however, some specimens in the 
collection in which the separation is not so distinctly shown. In Felis atrow no sur- 
face or structure of comparable breadth, as measured in anteroposterior direction, 
is formed. 

Immediately behind the lower end of the ridge separating the two surfaces 
is situated the area which joins with the tubercle of the rib. In a series of 426 
specimens representing the twelfth thoracic vertebra of Smilodon, a well-developed 
tubercular facet is present on each side in 73 vertebrae. In 124 specimens of this 
series, the facet may be present on one side and absent on the other or the two 
facets may be rudimentary. In 229 specimens the facet is entirely reduced and its 
place is frequently taken by a rounded tubercle. ‘The facet, when present, is fre- 
quently supported on a short projection from the pedicle of the neural arch. A 
comparable facet for the tubercle of the rib is generally absent in the large cat of 
the asphalt. The anterior zygapophyses are noticeably larger in the sabre-tooth than 
in F. atrox and suggest a strong union of this segment with the preceding vertebra. 
In the latter species the size and shape of the anterior zygapophyses may be indic- 
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ative of greater flexibility in this region of the vertebral column. The inter- 
vertebral notch is distinctly larger in the sabre-tooth. 

In a series of 440 specimens, a neural spine is fully formed in 185; in 255 
specimens of this series, the spine is either somewhat reduced or is absent. When 
a spine is lacking, a low crest is present on the neural arch. In a series of 16 speci- 
mens representing the twelfth thoracic vertebra of Felis atrox, all possess neural 
spines. In a series of more than 400 specimens of this vertebra in Smilodon, only 6 
exhibit a median division of the neural arch. In other words, this peculiarity is 
slightly less frequent in its occurrence in the twelfth than in the eleventh vertebra 
of Smilodon. 


TaBLE 26—Measurements (in millimeters) of the twelfth thoracic vertebra of Smilodon 


2056-2) 2056-3) 2056—4| 2056-5 2056-6 | 2056-7 | 2056-8) 2056-9] 2056—-10|2056-11 


Length from end of anterior 
zygapophyses to end of 
posterior zygapophyses...| 66.8 | 69.9 | a62 68.2 | 66.9 | 62.5) 60.3} 57 56.3 5307) 

Length of centrum measured 
normal to posterior face 


along median line........ 42.6 41.8 39.3 42.4 40.2 40 39.9 Boll 37 33.3 
Greatest width across pos- 

terior zygapophyses...... 34.9'| 31:6 | 30.9 | 34.4 || 27.8 | 28.5) 30 24.1 27.5 26 
Greatest width across meta- 

DODhy sesh eee oe 71 70.2| 74.3] 64.81] 61.6| 60.4] 63.7| 59.6] 52.1 | 49.8 
Greatest width across facets 

for tuberculum of rib..... GELS || ids} CH ls |) lO) xy 62.8 | 53.3 52.9 48.5 
Greatest width of posterior | 

epiphysis of centrum..... AVN |) GMb al |) Als || aby || AUS |] AIR eI) a 38.4 37.3 35.6 


Depth of centrum measured 
normal to floor of neural 
canal and along median 
line of posterior epiphysis.| 28.5 | 30.38] 28.7] 28.7| 29.5] 30 26.7 | 26 24 22.7 

Greatest length from end of 
metapophyses to end of 
anapophySeseeeeeeneeeeee 59.4 | 53.2 | 40 SMO Sst EE Seon ele mero illeS 55.7 Ball 

Height of spine from inferior | 
border of posterior ep- 
iphysis of centrum to top | 
OT MEW TPN. coco000000 533 |) 705 || 70) 99.3 | 99 89.6 | 86.6 | 85.9 68.5 59.1 


a, Approximate. 


THIRTEENTH THORACIC VERTEBRA 


In Smilodon the centrum of this vertebra is relatively smaller than in Felis 
atrox and differs also from that of the latter in the presence of a ventral ridge. In 
the latter the lateral tuberosities of the centrum are more prominently developed and 
in posterior view these projections are more conspicuous than in the sabre-tooth and 
form the outer inferior corners of the posterior epiphysis. The neural canal in 
Smilodon is comparatively large. The neural spine is practically always present 
in this vertebra of the sabre-tooth; in a series of more than 700 specimens, at least 
8 were noted in which a spine was lacking. The spine is not so wide anteropos- 
teriorly as in the great true feline and it has an erect position. The spine leans 
slightly forward in the latter. In Smilodon the posterior edge of the spine may ex- 
tend downward and backward to a point on the posterior border of the arch between 
the posterior zygapophyses. In Felis atrow this edge ends on the dorsal surface 
between the zygapophyses, but does not extend back to the posterior border. 
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I'ig. 48—Smilodon californicus Bovard. 13th tho- Fic. 49—Felis atrox Leidy. 13th thoracic vertebra, 
racic vertebra, No. 2057-6. A, anterior view; No. 2955-6. A. B, same views as in figure 48; 
B, lateral view; x 1/2. Processes and facets « 1/2. Rancho La Brea Pleistocene. 


as in llth thoracic vertebra. Rancho La Brea 
Pleistocene. 


The rugosity indicating the contact with the tuberculum of the rib, while small 
in Smilodon, is still more prominent in this form than in F. atrox. The lateral sur- 
face below the metapophysis and which extends forward to the anterior border is 
wider in anteroposterior direction than in F. atrow. The lower border of the ana- 
pophysis forms a more irregular edge in the former than in the latter. The anterior 
and posterior zygapophyses furnish apparently stronger bonds between this vertebra 
and adjacent vertebre in Smilodon than in the F. atrow. 


TaBLe 27—Measurements (in millimeters) of thirteenth thoracic vertebra of Smilodon 


| 2057-1) 2057-2 | 2057—3|2057—-4 2057-5 | 2057-6 2057-7 | 2057-8) 2057-9 2057 10 


| Length from end of anterior 
zygapophysis to end of 
posterior zygapophysis..... 83.7 | 80.9 | 76.6) 86.8] 78.4] 79.3 | 71 CX |) CA 63.5 

Length of centrum measured 
normal to posterior face 


| and along median line..... 47.2 | 465.1 45.3 | 45.9] 47.5] 40.6] 40 41 38.3 38.8 
Greatest width across pos- 
| terior zygapophyses....... 39.7 33.4 40.6 | 41.4 39.3 28.5 38.1 25 23.6 29.5 
Greatest width across meta- 
OOP MARES cococcnodossooccc 65.5 | 76.6 | 77.5 | 74.9 | 78 Qi | G27 || &SO.7 || G26 56.9 
Greatest width across outer 
ends of anapophyses....... al 72.2 | 72.8) 66.4} 66.1] 61.5] 59.1] 61 47.1 55.5 


Greatest width of posterior 
epiphysis of centrum taken 
immediately above lateral 
projection of centrum..... 45.8 | 47.3 | 46.1 46.8 | 46.7 | 38.7 | 39.8] 41.9 | 37.3 38.5 

Depth of centrum measured 
normal to floor of neural 
canal and along median 
line of posterior epiphysis..| 32.6 | 29.4 | 34 Sul) |} S¥hil | Bil |) Sek |) SOB] Bea! 25.9 

Greatest length from end of 
metapophysis to end of 
FINE MNYVSSs 0600000000006 84.3 | 81 82 81.7 | 79.7| 74.4] 59.8 | 70.4} 57.8 62.8 

Distance from median inferior 
border of anterior epiphysis 


to top of neural spine...... 102.6 | 104.6 | 99.1 97.1 | 100.9 | 92.1 80.6 | 93.3} 81.1 77.8 
Height of spine above roof of 
Meuralearcheeee eee eee 58 59 50.9 | 51.9} 50.8} 50 37.6 | 48.7] 45 39.1 


Anteroposterior diameter of 
top of neural spine........ PNY 19.4 22255020 17.4 | 20.4 18 PN} 19.7 16.3 
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Although a large number of specimens of this vertebra of the sabre-tooth are 
available in the collection, there are no examples which show the division of the 
neural arch along the median line. 


LUMBAR SERIES 
Plates 19 and 35 
Normally the lumbar series in Smilodon is represented by seven vertebre, in 
which respect the sabre-tooth is like the true felines. In reviewing the large number 
of lumbar series available from Rancho La Brea, it becomes evident that occasion- 


Fig. 50—Smilodon californicus Bovard. Ist lumbar vertebra, No. 2058-1. A, anterior 
view; B, lateral view; C, dorsal view; X 1/2. Rancho La Brea Pleistocene. 


ig. 51—Felis atrox Leidy. 1st lumbar vertebra, No. 2956-1. A, B, C, same views as in 
figure 50; xX 1/2. Rancho La Brea Pleistocene. 


ally the lumbar vertebrze may be reduced to six in Smilodon. The length of the en- 
tire series, relative to the length of the thoracic series, is shorter than in the modern 
lion. 

This region of the vertebral column in the sabre-tooth exhibits a flexibility 
which is noticeably less than that in F. atrow, due in large measure to a firmer bond 
established between the zygapophyses of the individual vertebree. The difference 
is apparently to be correlated with the habits of the animal and suggests that the 
sabre-tooth was not a lithe, swift-footed carnivore in the sense that the Pleistocene 
true cat or modern lion exhibits these characteristics. 
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The neural spines are relatively stout and the termini of these processes may 
be heavier than in F. atrov. Generally the spines of the first four lumbar vertebre 
are broader anteroposteriorly than those of the last three vertebrae. They differ 
also from the latter in their more erect position, although this is not always the case 
in individuals from Rancho La Brea. At any rate, the forward border of the spine 
in the posterior three vertebreze may not descend so abruptly in these segments as in 
the anterior vertebre. The attitude of the spines in Smilodon is somewhat differ- 
ent from that in F. atrox. In the latter form there is a distinct tendency on the 
part of the spines to lean forward. This is particularly true of the anterior lumbar 
vertebre, the first, second and third, and the character becomes less evident in the 
fourth. 

Reference has been made already to the zygapophyses. The anterior zyga- 
pophysis frequently exhibits a tendency to recurve inward dorsally and thus slightly 
enfolds the posterior zygapophysis with which it articulates, more so than in F. 


Fig. 52—Smilodon californicus Bovard. 4th lumbar vertebra, No. 2061-2. A, anterior view; B, dorsal 
view; C, lateral view; X 1/2. Rancho La Brea Pleistocene. 


atrox. The metapophyses are relatively strong processes. The anapophyses in the 
anterior lumbar vertebra, where they have not suffered posterior reduction, appear 
to project slightly less away from the sides of the vertebre than in F. atrov. In 
their backward projection they frequently lie so close to the outer wall of the meta- 
pophyses of the succeeding vertebre as to actually incise this surface. While this 
character may be seen occasionally in some lumbar vertebre of the true felines, the 
impression is given that the relationship of the anapophysis to the metapophysis 
in the sabre-tooth furnishes an additional character promoting rigidity in this sec- 
tion of the column. The progressive reduction of the anapophysis in the lumbar 
series is approximately comparable to that in Felis atrov. In other words, the last 
distinct process is seen in the fifth; the sixth lumbar vertebra exhibits merely the 
rudimentary base of the anapophysis and even this is lacking in the seventh. 

As in the true felines, the transverse processes of Smilodon increase in size from 
the first to the sixth lumbar vertebra. In the first four vertebre the processes not 
only increase gradually in length but also in width. In the second, third and fourth 
vertebre, the process does not curve forward to the extent seen in F’. atrow. In the 
last three vertebree (fifth, sixth and seventh lumbars) the processes are not so long 
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Fic. 53—Felis atror Leidy. 4th lumbar verte- 
bra, No. 2959-1. A, B, C, same views as in 
figure 52; X 1/2. Rancho La Brea Pleis- 
tocene. 


nor do they extend so far forward as in the large true felines. In the seventh 
lumbar vertebra, the base of the transverse process is narrowed in anteroposterior 
direction, but the dorsoventral diameter is increased. The centra of the lumbar 
vertebre are relatively not so long in Smilodon as in Felis atrox. The ten- 
dency to develop a median ridge on the ventral surface of the centrum is generally 
characteristic of the lumbar vertebre of Smilodon. The character may become more 
accentuated in the fifth and sixth of the series, but the centrum of the seventh may 
also possess a distinct ridge. In F. atrox of the asphalt, the centra of the forward 
lumbar vertebre have more or less smooth ventral surfaces, but a well-defined ridge 
may be definitely recognized on the centra of the third, fourth, fifth and sixth. It 
becomes much less defined or is totally absent in the seventh. 

With exception of size the lumbar series in Felis atrow (plate 35, figs. 2 and 3) 
closely resembles that in the existing large felines. 
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Taster 28—Measurements (in millimeters) of lumbar vertebre of Smilodon 


| 
Vertebree | i 2 3 4 5 6 fii 
fe | | | | 
Length of centrum measured normal to face of 
posterior epiphysis and along median line.....| 42.9} 45 46 48.5] 49.1] 49.2) 46.5 
| Greatest length from anterior end of metapophy- 
ses to end of posterior zygapophyses..........| 72.4] 77.8| 81.9} 77 80 77 70.6) 
| Greatest width across metapophyses............ 64773)/(583) | 538i) G4 bSe 45324056 
| Greatest width across posterior zygapophyses. . .| 35.5 | 37 44 34-8 || BOG] Be 53.5 
Greatest width across transverse processes......| 69.8| 89.7] 104.1] 119.3] 120.5] 134.3] 129.4 
| Width of posterior epiphysis of centrum........ 45.5| 45.1} 46 45.6] 46 47 43.1 
| Depth of centrum measured normal to floor of | | 
neural canal and across posterior epiphysis...) 30.5) 32 833,11) S¥b 9] Shs 311143) 30),4)| 
| Height from middle ventral border of anterior 
epiphysis of centrum to top of neural spine...) 93.1/ 94.8] 99.6) 104 113.3] 109 95.9 


Taste 29—Measurements (in millimeters) of lumbar vertebre of Felis atrox 


Vertebree 1 2 3 4 5 6 a 
Length of centrum measured normal to face of | 
posterior epiphysis and along median line....| 54.2] 57.2) 60 62.7 || 65.2)|| 65 55.5 
| Greatest length from anterior end of meta- 
pophyses to end of posterior zygapophyses..| 90.8) 95.7] 89.2 92F 1) 95 93 . 4 84.4 
| Greatest width across metapophyses........... 65.1] a60.5)| a60 633958)|| G31] GO Il 70 
Greatest width across posterior zygapophyses. .| 32.5} 37.8] 33.7 37 34.8} 46.3 72.4 
| Greatest width across transverse processes. ....| a77 a90 a96 al08 118 141.5} a120 
Width of posterior epiphysis of centrum....... | 49.7) 50.3) 50.8 50.6} 52.4] 52.5 533.2) 
Depth of centrum measured normal to floor of | 
neural canal and across posterior epiphysis..| 34.5] 36 36 335.0) B27/.33]) 33.6 SOnO) 
Height from middle ventral border of anterior | | 
epiphysis of centrum to top of neural spine..| 95 |.....|..... 115.6] 112.4) 105.4] 98.7 


a, Approximate. 


SIXTH LUMBAR VERTEBRA 


In view of a greater shortening of the sixth lumbar vertebra in Smilodon, the 
distance between the metapophysis and posterior zygapophysis is much less in the 
former type than in Felis atrox. The posterior portion of the neural arch projects 
well beyond the vertical plane of the posterior face of the centrum, frequently rela- 
tively more so than in F’. atrox. The extent to which the anapophysis has been 
reduced in this vertebra of Smilodon is comparable to that in F. atrox. The inter- 
vertebral notch may be fully as large as in the latter form. 

When the vertebra is viewed from the front the anterior zygapophyses may be 
seen to form a cup-shaped depression, the upper margin of each zygapophysis fre- 
quently extending inward. The pedicle of the neural arch is heavier in Smilodon 
than in F’. atvox, and the neural canal is smaller. Within the canal, the median ridge 
traversing the length of the dorsal surface of the centrum is broader in the sabre- 
tooth than in F’. atrow. Nutrient foramina pierce the surface on each side of the 
ridge. A deep groove is developed on the anterior face of the pedicle, extending 
outward from the neural canal and downward to the base of the transverse proc- 
ess. A similar groove is lacking in the large true cat. 
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Fre. 54—Smilodon californicus Bovard. 6th lumbar vertebra, No. 2063-1. A, anterior view; 
B, dorsal view; C, lateral view; x 1/2. Rancho La Brea Pleistocene. 


ia. 55—Felis atror Leidy. 6th lumbar vertebra, No. 2961-1. A, B, C, same 
views as in figure 54; x 1/2. Rancho La Brea Pleistocene. 
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Before swinging forward, the transverse processes extend directly outward 
farther in Smilodon than in Felis atrow. In the latter species they extend more 
directly downward and forward. The base of the process is thicker in the sabre- 
tooth. Its front face is notched by a groove which extends downward from the 
neural canal. 


TasB_e 30—Measurements (in millimeters) of sixth lumbar vertebra of Felis atrox 


2961—1|2961—2|2961—3)2961—4|2961—5/2961—6|2961—7|2961—8|2961—9|2961—-10 


Length of centrum measured 
normal to face of posterior | 
epiphysis and along median 
Lin Wa cor neh cPce ee sooo! C25!) G0 || G73|| C843) GRO) CAs) GR GAS! GOL 61.5 

Greatest length from anterior 
end of metapophyses to end 
of posterior zygapophyses..| 99.5| 94.8] 97.1) 92 89.4] 86.3] 85.3) 93.3) 87.7 84.9 

Greatest width across meta- 


pophyses=--a sccm aoe 67.3 | 60.6] 60.6] 50.9) 48.9]...... 63.2} 60 48 56 
Greatest width across pos- 

terior zygapophyses....... 47.3) 48.3) 41.6] 33.9] 44.4) 44.3) 41 45.8] 38.8 39.4 
Greatest width across trans- 

VETSCEDLOCCSSCS ERE enone | Cienencicne Coa) 0 Le WH less cad ell epost reill'ara oobaro N88} locococ TYEE} ecu o alto aei.o-ole 
Width of posterior epiphysis 


O? GIMHWIN, coacovccccc00e 61.2| 59.5| 58.3) 54.4] 59.4) 52 50.9] 652.5] 48.6] 49.4 

Depth of centrum measured 
normal to floor of neural 
canal and aeross posterior | 
epiphysis: 41-2 ee ae eee | 43.8] 39.9] 43 39.3 | 42 40 39.2} 38.7] 35.4 35.4 

Height from middle ventral 
border of anterior epiphysis 
of centrum to top of neural 
SDINO ss vert eeae ee ere noe TNO) || ING |) WOR |] WO Ilo ooc06 102.4 | 105.7} 95.3 93.9 


a, Approximate. 


SEVENTH LUMBAR VERTEBRA 


Viewed from the front (fig. 56A), the metapophyses are seen to project as a 
rule straight upward in Smilodon, while in F. atrow they lean slightly more outward. 
From the side, the metapophysis is seen also to be slightly more erect than in the 
great lion-like cat. Between the metapophysis and the posterior zygapophysis 
a deep valley is formed, which extends downward and slightly backward. The 
anterior zygapophyses may be large, relatively more so than in F’.. atrox. However, 
the size of the articulating surfaces varies considerably in the sabre-tooth, and so 
also does the distance between the anterior zygapophyses. The posterior zyga- 
pophyses project farther beyond the vertical plane of the posterior epiphysis of the 
centrum in Smilodon than in Felis atrox. The posterior portion of the neural arch 
is also carried farther backward. Viewed from the top, the posterior border of the 
neural arch is seen to be incised by a V-shaped notch. Frequently, however, a 
broader indentation occurs. In Felis atrox the posterior border forms a thin edge 
between the zygapophyses, while in the sabre-tooth the border is formed by a rugose 
surface. 

The base of the transverse process is thicker in dorsoventral diameter than in 
preceding vertebree. The ventral surface of the process is smooth, while the dorsal 
surface, particularly of that portion of the process which extends forward, is rugose. 
The neural spine varies in size; it may have a height fully as great as that in Ff. atrow. 
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Fie. 56—Smilodon californicus Bovard. 
A, anterior view; B, 


Brea Pleistocene. 


dorsal view; C, 


lateral view; X 1/2. 


7th lumbar vertebra, No. 2064-11. 


Rancho La 


Taste 31—Measurements (in millimeters) of seventh lumbar vertebra of Smilodon 


2064—1/2064—2 


2064-6 


2064-7 


2064-8} 


2064-9 


2064-10 


Length of centrum measured 
normal to face of posterior 
epiphysis and along median 
Nh OA cles c ate enara Oem enatora eae 

Greatest length from anterior 
end of metapophyses to end 
of posterior zygapophyses. . 

Greatest width across meta- 
DOphysessest ee eee 

Greatest width across pos- 
terior metapophyses....... 

Greatest width across trans- 
verse processes............ 

Width of posterior epiphysis 
OH CONGWIN, socacacevccccn 

Depth of centrum measured 
normal to floor of neural 
canal across posterior ep- 
IPNYSIShe eee mise 

Height from middle of ven- 
tral border of anterior 
epiphysis of centrum to 


top of neural spine........ 


35.1 


105.3 


31.5 


111.4 


2064—3/2064—4 2064-5 


53.9, 51.9] 47.1 


31.8} 31.1} 31.3 


106.4 | 114.9 | 105.3 


31.8 


106.5 


33.7 


106.6 


44 


90.6 


40.8 


alld 


36.3 


80.7 


a, Approximate. 
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IIa. 


57—Felis atroxr Leidy. 


7th lumbar vertebra. No. 2962-6. 
1/2. Rancho La Brea Pleistocene. 


as in figure 56; xX 


\; 


\ 


——. 
ne 


A, B. C, same views 


TasLe 32— Measurements (in millimeters) of seventh lumbar vertebra of Felis atrox 


| 


2962-1) 2962-2) 2962-3|2962—4!2962—5| 2962-6 2962-7 | 2962-8 2962 9 2962 10 
Length of centrum measured 
normal to face of posterior 
epiphysis and along median 
Line ee eee eee 62.6| 58.4] 63.8| 56.7; 60.4] 53 (33 || SYS |) G33 52 
Greatest length from anterior 
end of metapophyses to end 
of posterior zygapophyses..| 90.9| 84 94.5} 90.3} 838.38} 82.4] 75.4] 82.3] 84.4 81.4 
Greatest width across meta- 
pophysestereaatayseor ae 74 75.4 | a75 66.4| 69 73 68.5] 68.5) 70 58.9 
Greatest width across pos- 
terior zygapophyses....... 77 CUP Cis 71.2) 64.4) 70.8} 68.6] 71.7| 72.4 65.5 
Greatest width across trans- 
verse processes............ Caetsy Vitals dive ullacte-pelkagoo oc 147 VA a7 4 enya cnsl pea casncal| Cee a118.5 
Width of posterior epiphysis 
OfaCen thu eee 61.2 63 61 58.2 59.6 52.3 55.1 SilYd || GRY 49.4 
| Depth of centrum measured 
normal to floor of neural 
canal across posterior ep- 
iphy sist acess ee 41.3) 41.4) 41:9) 39.3) 39:5) 35.2] 37.9]. 37 SON 34.1 
Height from middle of ven- 
tral border of anterior ep- 
iphysis of centrum to top of 
NeULAS DLN CH 114 113.6 | 115.5] 108.4] 98 103.4 | 107.5] 103.2) 99 95.7 


a, Approximate. 
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SACRUM 


The sacrum of Smilodon exhibits considerable sturdiness and possesses a par- 
ticularly strong surface for attachment with the pelvis.’ The centra of the vertebre 
show a more noticeable decrease in size from the first to the third than in Felis atrow; 
the last centrum being distinctly smaller in the sabre-tooth and clearly indicating 
the presence of a shorter tail in the latter form. A narrowing of the sacrum pos- 
teriorly is seen in dorsal view (fig. 58B), for with the reduction of the transverse 


=A 


> \/ 
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Fig. 58—Smilodon californicus Bovard. Sacrum, No. 2065-5. <A, anterior view; 
B, dorsal view; C, ventral view; D, posterior view; <X 1/2. Rancho La Brea 
Pleistocene. 

processes of the third vertebra, the difference between the transverse widths of the 
anterior and posterior end is more striking in the sabre-tooth than in the true cat. 
The neural spines of the three vertebre are broad anteroposteriorly and are 
strongly developed. The spine of the first vertebra is vertical, that of the second 
leans slightly backward, and that of the third vertebra leans more decidedly back- 
ward. In the extinct lion-like form, as in the living true felines, the spines of the ver- 
tebre are relatively more slender. In Felis atrox there is a distinct tendency on the 
part of the spines to lean forward rather than backward. In the sabre-tooth the pos- 


*The sacrum described and figured by Merriam and Stock (Carnegie Inst. Wash. Pub. No. 347, p. 21, pl. 6, 
figs. 9, 9a, 1925) as of Arctotherium probably represents a large sabre-tooth cat. 
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terior border of the spine of the third vertebra rises directly upward and backward 
from a point on the margin of the neural canal between the posterior zygapophyses. 
In F’. atrox, on the other hand, the posterior base of the spine is situated well in 
advance of the rim of the canal and farther forward with reference to the posterior 


zygapophyses. Distinct spines may be occasionally lacking in sacra of Smilodon 
from Rancho La Brea. 
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Fic. 59—Felis atrox Leidy. Sacrum, No. 2963-2. <A, B, C, D, same views as in figure 
58; X 1/2. Rancho La Brea Pleistocene. 

The anterior zygapophyses are oval in shape and are not so large as in the Felis 
atrox. The united articular processes between the first and second vertebrz show 
greater reduction than in F. atrox. The dorsal sacral foramina are relatively large. 
When the sacrum is viewed from the front (fig. 58A), the ale are seen to project 
farther downward in the sabre-tooth than in F. atrox. The wings do not extend 
so far forward with reference to the plane of the front face of the centrum in the 
former as in the latter. As viewed from the anterior end, the neural canal may have 
dimensions similar to those of F. atrov. Posteriorly, however, the opening of the 
neural canal may be somewhat smaller in the sabre-tooth. 

Situated laterad to the metapophyses supporting the anterior zygapophyses of 
the first vertebra is a well-defined groove which extends from the dorsal surface be- 
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Taste 33—Measurements (in millimeters) of sacrum of Snuilodon 


101 


2065-1 


2)2065—3)| 2065-4 


2065-5 


2065-6 


2065-7 


2065-8 


2065-9 


2065-10 


Greatest length measured 
parallel to median line..... 137.3 
Greatest width at anterior 
end and from outer sides of 
suntaces Olea see 1s) 
Greatest width of third sacral 
vertebra across transverse 
DIOCESSESHAU era 74.9 
Greatest width between dor- 
sal borders of anterior 
PRT NOVO WVSESaoc000b0e0000 64.6 
Width across posterior zyga- 
pophyses of third sacral 
Vertebrate emcee cee 18.7 
Width across posterior zyga- 
| pophysis of third sacral 
| 
VERLE DIA ke yetaee peace teasecs cist 21 
Depth of centrum of first 
sacral vertebra measured 
normal to floor of neural 
canal and across anterior 
6pIphy SiSse-wo eee 30.8 
Greatest distance from dor- 
sal margin of anterior zyga- 
pophysis to ventral border 
of surface joining with 
Iban ota eo dal ano Sees 82.2 
Height from median ventral 
surface of first sacral ver- 
tebra to top of first neural 
SDING Sateen 79.2 
Depth of centrum of third 
sacral vertebra measured 
across posterior epiphysis. .| 14.5 


86.1 


145.9 | 141.8 


105.7 | 107.8 


87.7 | a70 


59.6 | 51.4 


26.3 | 27.4 


23.8 | 23.3 


29.3 | 33.9 


90.6 


137.7 


106.8 


80.7 


49.1 


13.7 


132.1 


30 


81.3 


70 


118.6 


98.4 


56.7 


120.8 


101.6 


59.8 


74.4 


122.2 


85.4 


57.8 


50 


19.7 


18.3 


aos 


117.6 


88.5 


60.8 


Or 
to 
on 


76.2 


110.9 


77 


13.4 


19 


a, Approximate. 


Taste 84—Measurements (in millimeters) of sacrum of Felis atrox 


2963-1 


2963-2 


2963-3 


2963-4 


2963-5 


2963-6 


2963-7 


2963 


8 


2963-9 


2963-10 


Greatest length measured parallel to 
Medianylin cere Boe 
Greatest width at anterior end and from 


outer sides of surfaces for ilia.......... alls 


Greatest width of third sacral vertebra 
across transverse processes............ 
Greatest width between dorsal borders of 
anterior zygapophyses................ 
Width across posterior zygapophyses of 
thirdusacralayvertebranee ener 
Width across posterior epiphysis of third 
Sacraluvertebrammenrey carina rere Teer 
Depth of centrum of first sacral vertebra 
measured normal to floor of neural 
canal and across anterior epiphysis... . 
Greatest distance from dorsal margin of 
anterior zygapophysis to ventral border 
of surface joining with ilium........... 
Height from median ventral surface of 
first sacral vertebra to top of first 
MeuLalespine wate ee ee: 
Depth of centrum of third sacral vertebra 
measured across posterior epiphysis. .. . 


148.6 

119.3 
90 
75.4 
28.7 


33.4 


36.6 


77.8 


i) 
bo 
ns 


w 
(=) 
bo | 


141 


106 


a90 


77.2 


21.2 


71. 


69. 


on 


bo 


66. 


68. 


LS) 


69. 


18. 


Li) 


on 


6 


bo 
© 
i 


a, Approximate. 
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hind the process to the forward side. Occasionally the metapophysis stands forth as 
a very distinct process. The contact surface with the ilium is less clearly ear-shaped 
in the sabre-tooth and is not deeply excavated posteriorly as in Felis atrox. The area 
for attachment of the sacro-iliac interosseous ligaments is decidedly rugose. 

On the ventral surface of the sacrum (fig. 58C), a noticeable difference between 
the sabre-tooth and F’. atvow is seen in the size of the ventral sacral foramina. These 
are of large size in Smilodon, the anterior opening particularly being larger than in 
F.atrox. The ventral surface is flattened with a suggestion of a median keel on the 


Fie. 60—Smilodon californicus Bovard. 1st caudal vertebra. No. 

2068-1. A, B, anterior and dorsal views. Felis atrox Leidy. 

Ist caudal vertebra, No. 2966-1. C, D, anterior and dorsal views; 
1/2. Rancho La Brea Pleistocene. 


Fic. 61—Smilodon californicus Bovard. Representative caudal vertebre, posterior to the 
first; dorsal and anterior views; X 1/2. Rancho La Brea Pleistocene. 


second and third vertebre. In the great lion-like cat the median surface of the 
sacrum, particularly of the second and third vertebre, is convex. As indicated 
above, the transverse process of the third vertebra is reduced in Smilodon and does 
not project outward and backward to the extent seen in the true felines. 


CAUDAL SERIES 


With the shortening of the tail in Smilodon a striking difference prevails be- 
tween this type and the true felines, like the modern lion or tiger. Not only are 
there fewer vertebre in the sabre-tooth, but there is likewise a greater shortening 
of the individual segments and greater specialization in the reduction of particular 
structures than in the large true felines. Thus the first caudal is considerably 


COMPARATIVE STUDY OF VERTEBRAL COLUMN AND LIMBS 103 


smaller than the comparable element in Felis atrow (see fig. 60A, B and C, D). In 
contrast to this type and the modern lion, Smilodon exhibits considerable reduction 
of the neural arch. Moreover, the posterior zygapophysis may disappear entirely, 
but the neural spine may be more prominently developed. The transverse process 
is comparatively narrow anteroposteriorly and projects backward in its outward 
curve. In F. atrox on the other hand it is broader and more wing-like. The cen- 
trum is compressed dorsoventrally with a short ridge giving prominence to each 
ventrolateral border at the forward end. The neural canal is likewise compressed 
in dorsoventral direction and is less capacious than in F’.. atrow. 

In the vertebrz immediately posterior to the first, the neural arch becomes in- 
complete and this failure to roof over the canal is initiated farther forward in the 
series than in Felis atrow. In the extinct form the reduction of the neural arch is 
like that in the caudal series of F. leo and F.. tigris. Likewise, the anterior zyga- 


Fie. 62—Felis atror Leidy. Representative caudal vertebre, posterior to the 
first; dorsal and anterior views; X 1/2. Rancho La Brea Pleistocene. 


pophyses in Smilodon become reduced more rapidly than in F’. atvox. Some of the 
vertebre posterior to the first in Smilodon are shown in figure 61. 

In the caudal appendage of Felis atrox the individual vertebre are strongly 
developed and evidently possessed characters closely similar to those seen in the 
comparable elements of the large living felines. Representative vertebre of the ex- 
tinct type of Rancho La Brea, but not all of the same individual, are shown in figure 
60C and D and in figure 62. 


MANUBRIUM 


While the manubrium of Smilodon may be similar in width to that of Felis 
atrow, it exceeds that of the latter form distinctly in depth. The dorsal surface of 
the body of this element may be flattened, but frequently the dorsal and ventral 
surfaces develop a median ridge. On the dorsal surface of the projecting forward 
portion of the manubrium, the median ridge extends anteriorly to the tip. In 
I’, atrox, the dorsal surface may be flat or slightly concave transversely, particu- 
larly between the first costal cartilages. In both dorsal and lateral views, the 
projecting portion of the first sternal element is seen to taper toward the anterior 


104 THE FELIDZ OF RANCHO LA BREA 


eg 
&Y) 


Fie. 63—Smilodon californicus Bovard. Manubrium. No. 2066-7, A, ventral view; 
B, lateral view; C, dorsal view; xX 2/3. Cel, attachment of first costat 
cartilage. Rancho La Brea Pleistocene. 
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Fig. 64—Felis atrox Leidy. Manubrium, No. 2964-4. A, B, C, same views 
as in figure 63; x 2/3. Rancho La Brea Pleistocene. 
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end. The principal fore and aft axis of this part may be in line with that of the 
body, but frequently it is deflected downward from that of the latter. The anterior 
end may be rugose, terminating apparently in cartilage, or the end may be rounded 
and knob-like. The median ventral keel or ridge of the anterior projecting portion 


TasLe 35—Measurements (in millimeters) of manubrium of Smilodon 


2066-1) 2066-2) 2066—3) 2066—4| 2066-5) 2066-6) 2066—7 | 2066-8) 2066-9) 2066-10) 
| | 


Greatest length measured par- 
allel to long axis through | 
middle of body of manu- 
los ae hadron Coma apace 141.1 | 135.6 | 141 137.4 | 123.8 | 127 117.9 | 122.2 | 100.5 | 101.6 
Greatest width at forward 
end of surfaces joining with | 
first costal cartilages....... 56.5 | 51.9] 44.8) 41.7] 50.7) 52.9] 51.3) 58.7 47.6 36.7 | 
Greatest depth measured from 
point between rugose sur- 


faces for costal cartilages. .| 46.7] 42.1 39.9 | 44.9] 41 44.3) 36.8) 41.5) 27 Bb) || 
Depth of distal end.......... 39.6 42.4 36.5 40.8 45.4 39 38.3 41.7 38.3 34.6 | 
Width of distal end.......... 34.8 | 31.7] 29 28.6} 32.9] 32 SYS | Boe || Ose 23.4 
Least depth behind surfaces 


for costal cartilages........ SP || S02 | 287 || AsO || 3B S04 |) X05 || S42/ || Wiles} oer, 


TasLeE 36—Measurements (in millimeters) of manubriwm of Felis atrox 


|2964-1 2964-2) 2964-3) 2964-4) 2964-5) 2964-6) 2964-7 2964-8 2964-9 


Greatest length measured par- 
allel to long axis through 
middle of body of manubrium.| 130 116.8 | 120 123.6 |a102.8 | a99.4 | 108 104.7 | 103.6 | 

Greatest width at forward end 
of surfaces joining with first 
costalicantilagesmemneenieeiin 58 63.4] 50.8) 57.3) 49 LSC 50 58.8] 54.2 

Greatest depth measured from 
point between rugose surfaces 


for costal cartilages......... SOB || Axl || Pa) Be |) 2s 21 21.4| 29 19.4 
Depth of distal end...........| 37.7 | 33:5] 34:7) 33.8] 29:9] 36:6] 31.6 35.5 | 39.7 
Width of distal end........... 34 34.8} 35 34 25 30.9} 25 34 33.8 
Least depth behind surfaces for 

costal cartilages............ HL) || 2B 2.056) 1928320233 ZO Na | 2056) 24245 212 


a, Approx mate. 


is often incompletely formed and was apparently also covered with cartilage. The 
surfaces for attachment of the first costal cartilages are relatively large in Smilodon, 
and are not separated by so great a distance as in F’.. atrow. 


MESOSTERNUM 


Hlements in this region of the sternum of Smilodon offer, as perhaps their most 
striking characteristic, a noticeable depth in comparison to the length. In this respect 
the sabre-tooth appears to differ from Felis atrow. Individual segments are heavy, 
but vary in width and in length. Specimens representing the sabre-tooth and lion- 
like form of Rancho La Brea are shown in figure 66. 
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Fie. 65—Smilodon californicus Bovard. Manubria, Nos. 2066-11, 2066-12. A, ventral view; B,. lateral view; 
x 2/3. Specimens show variation in size and shape. CcI attachment of first costal cartilage. Rancho La 
Brea Pleistocene. 


XIPHISTERNUM 


The last sternal segment is less expanded transversely and is thicker dorsoven- 
trally in the sabre-tooth than in the extinct true feline. This element, except for 
the slight expansion of the proximal end, is rod-shaped. The distal end, as a rule, 
does not flare greatly. The greatest dorsoventral diameter is situated not far behind 
the proximal end. The ventral surface develops a median ridge. The dorsal surface 


is not flattened to the extent seen in Felis atrow. The xiphisternum reflects in its 
structure the sturdiness of the sternum. 


TasLe 37—Measurements (in millimeters) of xiphisternwm 


Smilodon californicus Felis atrox 


2067—|2067—|2067—|2067—'2067—|2067—|2067—|2067—|2067—|2067—|2965— 2965—|2965 
1 2 3 4 5 6 7 8 9 10 1 : 


Greatest length 
through middle. ..| 74.2 | 72.6 | 62.1 | 62.4 | 61.3 
| Greatest width of 


proximal end..... 25.6 | 22.5 | 25.8 | 21 26 21.7 | 18 21.5 | 17.1 | 19-9 | 30-1 | 27.1 | 20:8 
Greatest width of 

distalgend armrests elo, WHS |} 1bZ/oz/ |) Us83 |) 2283 |) WS | Wise |) WS |) eoe/ |) FOLD |) PG |) Si.83 |) SBi.33 
| Greatest dorsoven- 
| 


| tral diameter....- | 22 19.4 | 22.8 | 22.5 


Ww 
— 
a 
(op) 
ond 
W 
io 
“I 
bo 
_ 
(00) 
ns 
i 
o 
Ww 
m 
“I 
= 
Je) 
or 
= 
cS 


COMPARATIVE STUDY OF VERTEBRAL COLUMN AND LIMBS 107 


ANAL, 


B 


Fie. 66—Mesosternal elements. A, B, Smilodon californicus Bovard, No. J-8269; C, D, Felis atroxr Leidy, 
No. X-73894; & 1. Rancho La Brea Pleistocene. 


Fie. 67—Smilodon californicus Bovard. Xiphister- Fic. 68—Felis atror Leidy. Xiphisternum, No. 
num, No. 2067-2. A, ventral view; B, lateral 2965-2. A, B, same views as in figure 67; xX 
view; X 2/3. Rancho La Brea Pleistocene. 2/3. Rancho La Brea Pleistocene. 


Plate 20, figs. 1 to 13 


The ribs of Smilodon are generally shorter but stouter than those of Felis atrow. 
The first costal rib with its expanded vertebral and sternal end is a particularly 
strong element in the sabre-tooth. The tuberculum and capitulum in this element are 
separated by a broad notch which is, however, not so deep relatively as in F’. atrow. 
The outer and inner borders of the posterior surface of the shaft are sharply defined. 
In mid-costal region the shafts are broad. In all the ribs of Smilodon the surface 
texture of the bone appears to be coarser than in F. atrox. Moreover, the ridges 
and roughened areas for muscle attachment may be more pronounced in the former 
than in the latter type. 
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CLAVICLE 


Four specimens, fig. 69, represent felid clavicles and are presumably to be re- 
ferred to Smilodon. These elements show some variation in size as well as in shape. 
It is possible that one or more of these specimens should be assigned to Felis atrow, 
but the numerical representation of the sabre-tooth in the collections from Rancho 


Fie. 69—Clavicles, presumably of Smilodon californicus Bovard. A to D, 
Nos. I-4, 1-5, 1-2, I-83: x 1. Rancho La Brea Pleistocene. 


In essential characters the clavicle resembles that in Felis and the reduction is 
similar to that in the latter. In the largest of the four specimens, No. I-5, the shaft 
is relatively heavy. At each end a small roughened surface suggests cartilaginous 
or ligamentous attachment. In No. I-3 the outer end is wider than that in the 
remaining specimens. 

Measurements (in millimeters) of Clavicle 
2 TB ha 
Greatest length in straight line from outer to inner end...... 84 80.1 91.8 101.1 


SCAPULA 
Plates 21 and 36, figs. 1 and la 


The shoulder blade of Smilodon differs in several respects from that of the true 
felines. It is relatively narrow in fore and aft direction and high dorsoventrally. 
The vertebral border is sharply angulate as a result of the projection of the ossified 
suprascapular cartilage above and in front of the upper end of the spine. ‘The 
ossified cartilage in this region is distinctly wider dorsoventrally than in the scapula 
of F. atrov. No distinct superior angle is formed where the vertebral border meets 
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the anterior superior border as in Felis, although an angle is at least suggested in 
scapule of Smilodon from Rancho La Brea. The anterior superior border is broadly 
rounded and curves directly into the border of the suprascapular notch without an 
intervening angulation. The inferior angle formed at the point of meeting of the 
vertebral border and the axillary border is greater in Smilodon than in the true 
felines. In the Pleistocene Felis atrox this angle is slightly greater than 90°. The 
axillary border is not quite so straight in Smilodon as in the former species. 


TaBLeE 388—Measurements (in millimeters) of scapula of Smilodon 


2004—| 2004—| 2004— | 2004— | 2004— | 2004— | 2004— | 2004— | 2004— | 2004— 
R-8 | R-6 | R-1 | R-3 | R-2 | R-10) R-9 | R-5 | R-4 | R-7 


Greatest length from coracoid 
process to suprascapular 
border, measured along axis 
OlSpiInGarcewy ete 358 | 343 | 342 |a327 | 324 | 322 | 316 | 310 | 298 | 266 

Greatest width of articulating 
end measured across glenoid 


CavltVeereror Penance pace 87.1] 79.8] 79.5} 78.7) 72.7| 78.6) 75.0) 75.9} 74.2) 67.0 
Greatest transverse diameter 

across glenoid cavity.......| 57.9} 49.5| 54.6) 53.0) 50.6) 50.5) 46.3) 44.0) 40.8) 41.5 
Distance from inner border o 

glenoid cavity to topofspine.|...... 89.0) 96.6] a85.3} 86.0} 80.0) 78.7) 76.5} 79.3} 70.1 


Width of scapular blade, 
measured obliquely across 


SPIN esa ease eee 191 186 | 193 | 197 | 175 | 170 | 162 | 167 | 167 | 148 
Least width of neck across 
articulating end........... C3? 734) (7 CEO) Cilsi) CEM Gil4) Sey) Gh) Sil 


a, Approximate. 


TaBLe 39— Measurements (in millimeters) of scapula of Felis atrox 


2902—R-1|2902—R-2|2902-R-3 
Greatest length from coracoid process 
to suprascapular border, measured 
ALON 2A XISKOLGS IN Chere ieee eee tse ee eatin Wot oeue ey eo oy SM een Se ee teat 354 a309 290 
Greatest width of articulating end 
IM CASULEAEACTOSSIS] CNOIGECA UY ere nnn 85 78 65.1 
Greatest transverse diameter across 
PASSTONIG) CERTAIN stoi olen B.A Old SOG 6 ORR DION CTS ATR OE ae 56.8 50 44 
Distance from inner border of glenoid 
CavityatOnlO DIOL SPIN Caer eae cel eee nat oks 98 89.7 81.5 
Width of scapular blade, measured 
Obliquelygacrossispinewee eee ee eo ee eee enone a215 181 169 
Least width of neck above articu- 
Latin tend aes ery we WN ene er radera cia tein isis docsties coe ROS 77.8 64.2 58.7 


a, Approximate. 


A noticeable difference between the sabre-tooth and the true felines is seen in 
the scapular spine. The free margin of the spine is not carried backward over the 
infraspinous fossa as in F. atrvox. A slight backward curving of the outer portion 
is sometimes to be seen at approximately the middle of the spine in Smilodon, but 
it is never so general in its extent as in the true cats. A distinct metacromial 
process, like that of F. atrox, is absent in the sabre-tooth. The acromion is rela- 
tively heavy. The glenoid cavity may be longer anteroposteriorly and narrower 
transversely in Smilodon than in Felis. The outer border of the cavity below the 
base of the spine may be incised by a deeper and broader notch in the sabre-tooth 
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than in F.. atrox. The coracoid process has a length comparable to that in the great 
lion-like cat and is fairly stout. 

The supraspinous fossa is slightly larger than the infraspinous fossa. The sur- 
face of each fessa slopes medially and forms a deep depression on each side of the 
base of the spine. These surfaces lack the undulations seen in the shoulder blade 
of Felis. The inner surface is broadly convex in anteroposterior direction. 
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Fre. 69a—Diagram illustrating the comparative lengths of appendicular elements of Felis atror Leidy and 


Smilodon californicus Bovard from Rancho La Brea. 


COMPARISON OF LENGTHS OF LIMB ELEMENTS 


Figure 69a displays graphically the differences between Smilodon californicus 
and Felis atrox in the length of individual elements of the front and hind limbs. 
Hach bar represents an average of the series of measurements of total length given 
in the tables of measurements. While the specimens selected for measurement in- 
clude both the longest and shortest adult elements, the series for Smilodon is based 
upon a decidedly larger group of individuals than is that for F. atrow. 

In the front limb of Smlodon the shortening of the epipodial region furnishes 
a distinct point of contrast between this cat and F.. atrov. A shortening of the 
metapodial region in the former type is also apparent. 

A similar shortening of the epipodial region is noticeable in the hind limb of 
Smilodon and the shortening of the metapodial segment in this form is more ap- 
parent than in the front limb. 
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In Felis atrox the length of femur in relation to the length of humerus is greater 
than in the sabre-tooth. 
The following ratios may be recorded: 


Tas_te 40—Comparison of Ratios of Limb Segments 


Smilodon 
F. atrox | F. leo F.leo | F.tigris| Jaguar | Jaguar | Jaguar | califor- 
nNicuUs 
| Radius 0.93 0.89 0.93 0.86 0.79 0.82 0.87 0.77 
“Humerus 
Metac. HI 34 35 36 Sy || 80 Bi 1 28 
Humerus | 
Tibia 86 86 88 84 185 3 | BY 74 
Femur 
Metat. III 35 066 37 36 32 | .33 Bee 27 
Femur | | 
Humerus .88 .92 .89 88 | 91 S87 91 94 
Femur | | | 


Comparisons of ratios between the extinct Felis atrvox and the modern lion, tiger, 
and jaguar are handicapped unfortunately by lack of large series of specimens 
representing the latter types. From the materials available it would appear that 
the limb proportions of the jaguar are less like those of F. atroxw than are those of 
F. leo. On the other hand, judged in the light of the three individuals available of 
the jaguar, at least some variation in the values obtained can be demonstrated. 
All that can be stated at present is that in the jaguar the epipodial and metapodial 
segments in both front and hind limbs show a greater shortening, but not a much 
greater shortening, with reference to the propodial segments than in the extinct 
form. The differences are certainly not so great as those which distinguish the 
sabre-tooth cat from F’. atrox. 


HUMERUS 
Plates 21 and 36, figs. 2 to 5 


The humerus in Smilodon may be as long as or longer than that of the living 
species, Felis leo and F. tigris. This element may be as long as the humerus in 
some individuals of the Pleistocene F’. atrow, but is generally heavier. 

At the proximal end the articulating head of the humerus is narrower trans- 
versely and the surface is perhaps flatter than in the true cats. The greater tuber- 
osity extends farther backward along the side of the articulating surface in the 
sabre-tooth than in the Pleistocene F’. atvox. The proximal surface of this tuberosity, 
to which are attached the supraspinatus and the anterior part of the deep pectoral 
muscles, is bent somewhat as it extends inward and forward from the outer side. 
In F’. atvox as in the modern cats, this surface extends obliquely inward and forward. 
The lesser tuberosity is not so well developed in Smilodon as in Felis, although the 
inner surface for attachment of the subscapularis muscle is broader and flatter in 
the former than in the latter. The reduction of a distinct tuberosity makes the 
bicipital groove, as viewed from above, a more open channel in the sabre-tooth than 
in the true cats. 
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A noticeable difference between Smilodon and the true felines is seen in the 
contour of the front end of the greater tuberosity. In the Pleistocene F’. atrox the 
proximal border of the tuberosity descends gradually from a point above and in 
front of the depression for the supraspinatus to the pectoral ridge. In this respect 
the latter appears to be somewhat intermediate between the living lion and tiger. 
In Smilodon, on the other hand, the proximal border extends for some distance 


Fic. 70—Right humerus; anterior view; X 1/3. A, Smilodon 
californicus Bovard, No. 2005-R-6; B, Felis atror Leidy, 
No. 2903-R-8. Note characteristic differences between 
sabre-tooth cat and true cat in proximo-internal profile of 
tuberosity and development of bicipital and deltoid crests. 
Rancho La Brea Pleistocene. 


Fie. 71—Right humerus; lateral view; x 1/3. 
A, Smilodon californicus Bovard, No. 2005-R-6; 
B, Felis atror Leidy, No. 2903-R-8. Note par- 
ticularly difference in profile of tuberosity. 
Rancho La Brea Pleistocene. 


inward and forward from a point above and in front of the depression for the 
infraspinatus at approximately the same level or with a slight ascent before turn- 
ing downward to the pectoral crest (compare fig. 70, A and B). 

The small tubercle situated between the bicipital groove and pectoral ridge, to 
which is attached the anterior part of the deep pectoral muscle, may not be so well 
defined in some specimens of Smilodon as in the true cats. The depressed area on 
the outer side of the greater tuberosity for the insertion of the infraspinatus is 
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larger in the sabre-tooth than in Ff. atrox. Below this the area for the attachment of 
the teres minor muscle is seemingly not so well defined in Smilodon as in F. atrox. 
The rugose area on the inner surface of the shaft for the attachment of the inner 
humeral head of the triceps muscle appears to be larger in Smilodon than in the 
extinct true feline. The pectoral ridge is straight, and near its union with the 
deltoid crest it is not curved inward as is frequently the case in the Recent lion and 
tiger and in the Pleistocene F’. atrow. The union of the two ridges is apparently 
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Fie. 72—Smilodon californicus Bovard. Distal portions of right humeri; 
anterior views; < 1/2. A, specimen without entepicondylar foramen, 
No. 2005-R-11; B, normal specimen with foramen, No. 2005-R-4. Rancho 
La Brea Pleistocene. 


situated lower on the shaft in Smilodon than in the great lion-like cat. The 
entepicondylar foramen may be distinctly larger in Smilodon than in the extinct 
F. atrox, but the bridge of bone enclosing the foramen may be narrower. In 
Smilodon the supracondylar ridge of the outer side, when viewed from the front, 
does not have the sinuous curve seen in the true cats. This ridge extends farther 
along the shaft in Smilodon. 

In posterior view the distal end of the shaft widens rapidly below, and the distal 
extremity is wider in the sabre-tooth than in F. atrox. The olecranon fossa may 
be relatively larger in the former than in the latter. The inner condyle, while more 
prominent in the sabre-tooth than in F. atrvow, is not situated so far back with ref- 
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erence to the distal articulating surface in the former as in the latter type. The 
outer condyle is deeper in proximo-distal direction, but relatively not so long antero- 
posteriorly in Smilodon as in F. atrow. 

An interesting variation in the humerus of Smilodon from Rancho La Brea is 
seen in specimen No. 2005-R-11. This element lacks the entepicondylar foramen, 
a character in which it differs from humeri of a series of 238 individuals from the 
asphalt. Evidently the absence of the entepicondylar foramen is an extremely rare 


Taste 41—Measurements (in millimeters) of hwmerus of Smilodon 


2005—|2005—|2005—|2005—|2005—|2005—|2005—|2005—|2005—|2005- 
R-1 | R-2 | R-3 |} R-4 | R-5 | R-6 | R-7 | R-8 | R-9 | R-10 


Greatest length measured par- 


allel to longitudinal axis..... 385 |370 |363 |860 |348 |342 |328 |321 |323 |309 
Greatest transverse diameter of 
proximal extremity.......... 92.4| 90.9) 98 83.3] 82.6] 77.3] 79.2) 79.4) 77.7) 75.4 


Greatest anteroposterior di- 
ameter of proximal extremity ./117.6/113 /118.2/105 |100.7| 95.8} 97.8} 95.9| 95.7} 92 
Transverse diameter at middle 


of:shait es. ncoccae are os “Mle |) ZBL AR Zyl) GE Zbl Bi!) BBL || BYE!) Yee || SYS} || 8 
Anteroposterior diameter at 

middlejoleshattpeeeeeee eee Olean! 56.2} 51.3} 50 48.7| 51.9} 46.3] 42.5] 47.5 
Greatest width of distal ex- 

tCremityancac eee eee 125 /116.8 |128.3 |106.6 |106.3 | 98.7|108 |106.6| 99.3] 98.8 


Least anteroposterior diameter 
of articulating surface forulna.| 35.4| 31.5| 36 3023) oleh 313i 3085) | P3058 |F28%45 82765 


Taste 42—Measurements (in millimeters) of humerus of Felis atrox 


2903—|2903—|2903—|2903-|2903—2903—|2903—|2903—|2903 
R-1 | R-2 | R-3 | R-4 | R-5 | R-6 | R-7 | R-8 | R-9 


Greatest length measured par- 
allel to longitudinal axis....|409 |896 /889 /|880 /863 |868 |3847 (337 |328 
Greatest transverse diameter of 


proximal extremity......... 100.2| 97.8] 92.5) 88.4] 90.5] 92.3) 82.3) 81.7] 78.7} 
Greatest anteroposterior diame- 

ter of proximal extremity... ./123.4 |121.6 |122.7 |112.8 |111.2|112 |102.8/101.7)] 99.1 
Transverse diameter at middle 

Oi MN. cococo00c cco c occ Gteo4|] GUly4b)) SEL!) ake 38.6| 37.8] 33.4] 34.4] 33 
Anteroposterior diameter at 

middlevofeshaftueneeeerercer 59.4!) 69.5| 70 60.8 | 64.4] 58.2} 53.4] 53.6] 53.8 
Greatest width of distal ex- 

tLEMIGY ih. eee ee 107.6 }111.3 |108.8 | 98.4 |101 101.2} 96.8] 89.9} 85.7 


Least anteroposterior diameter 
of articulating surface for 
UNS se OR Tee Acie 35 36 35.2 | 30.8] 34 34 30.6] 29.5] 30 


occurrence in the Californian species. The absence of this foramen has been noted 
in sabre-tooth cats of the South American Pleistocene and may occur more frequently 
in these types than in S. californicus. The character was regarded by some authors 
as of value in distinguishing Smilodon from Macherodus. On the other hand, Bur- 
meister (1881, p. v) considered the absence as due to individual variation. Cope 
(1880, p. 857, fig. 15) figured a humerus of Smilodon necator in which the structural 
characters, including the absence of the entepicondylar foramen, resemble those 
in the upper arm bone from the asphalt. 

The specimen, No. 2005—R-11, from Rancho La Brea is considerably abraded. 
The scarring of the surface may be due to “pit wear,” namely the result of an attri- 
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tion of this bone and other skeletal elements caused by movement of the material 
in the mass of tar or asphalt after entombment. It is entirely possible that the 
external surfaces show also the work of other carnivorous mammals. The distal 
portion of the specimen is shown in figure 72A. The characters displayed by this 
element are clearly those of the sabre-tooth and not those of F. atrov. Greatest 
width of distal extremity 112.3 mm.; least anteroposterior diameter of articulating 
surface for ulna 31 mm. 


ULNA 
Plates 22 and 37, figs. 1 to 3 
The ulna of Smilodon, in contrast to that of the extinct true cat of Rancho La 
Brea and of the modern cats, Felis leo and F. tigris, is distinctly shorter and de- 
cidedly heavier. 


Tasip 43—Measurements (in millimeters) of ulna of Smilodon 


] 
2007—|2007—|2007—|2007—|2007—|2007— 
R-5 | R-6 | R-7 | R-8 | R-9 | R-10 


Greatest length measured par- 
allel to longitudinal axis of 


UN ae ee ee cree 372 |372 |361 {358 |348 |338 /318 [|306 |301 |287 
Greatest width of posterior sur- 

face of olecranon process.....| 48.8| 48.8 | 48 45.3 | 48 42.3] 48.5] 41.3] 39 33.6 
Greatest transverse width of 

greater sigmoid cavity.......| 60.2] 52.2] 60.1) 56 56.7 | 53.5) 48 Ala |P4 252) VAIe5 


Anteroposterior diameter meas- 
ured from posterior border to 
top of coronoid process...... 78.8| 70.8) 77.6] 69.3] 77.8] 68.7] 61.8] 62.6) 60.2) 57.3 

Anteroposterior diameter of 
shaft at proximal end of ten- 


GONESCAT A eee rece 47.6| 41.4) 43.1] 39.1] 47.1] 40.6] 36.7] 37.6} 30 34.8 
Transverse diameter of shaft at 

proximal end of tendon scar. .| 29.9) 25.8| 28 23.4| 28.7) 26.6} 24.2) 21.2) 19.8] 20.9 
Greatest anteroposterior  di- 

ameter of distal extremity....| 46.6} 45.4] 44.6] 38.9] 45.2] 42.3] 39.4| 36.7] 31.3} 33.3 
Greatest width of distal ex- 

CLOMIUV Pe oye oe ee heart 33-8) 28°2)| 27-5) 23:2) 30°56 | 24:4) 22.3) 21.7) 19.1) 20:4 


Viewed from above, the proximal surface of the olecranon process is seen to be 
much wider in Smilodon than in F. atrow. The surface for attachment of the scapu- 
lar head of the triceps muscle is broader and more rugose. The broadening of the 
proximal surface furnishes also in transverse direction a longer area for attach- 
ment of the posterior humeral head of the triceps. The fossa in front of this 
area is not so well defined as that of the true cats. The outer anterior tubercle 
to which is attached the anconeus muscle is heavier, but is not so prominently de- 
veloped as in Felis atrox, F. leo and F. tigris. 

In Smilodon, in contrast to Felis atrox, the heaviness of the ulna is expressed 
in anterior view in greater width of olecranon process, in width of upper portion 
of articulating surface of the greater sigmoid cavity, and in width of shaft and 
distal end. The shaft as seen in this view is straighter in its longitudinal extent than 
that in the ulna of Felis atrow. The articulating surface for the radius is larger 
than that of the latter species. 

In outer view, the ulna is again seen to be straighter in its longitudinal extent 
than that of Felis. The shaft is noticeably wider. The area for attachment of the 
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outer humeral head of the triceps is distinctly larger in Smilodon. The articulating 
surface for the head of the radius is relatively large and the coronoid process is 
decidedly more prominent in the sabre-tooth than in Felis. The rugose area for 
attachment of the interosseous ligament is broad and in its downward extent, toward 
the distal extremity, is presumably better defined than in Felis. Apparently a 
strong bond between ulna and radius existed in the sabre-tooth, and the areas for 
muscle attachment suggest considerable power in the use of the forearm and front 
paw in this form. 

A nutrient foramen perforates the shaft at a point approximately comparable 
in its position below the coronoid process to that in Felis. The foramen is situated 
close to the anterior border. The articulating surface for the pisiform is not so 
broad in the sabre-tooth as in F. atrow. 


Taste 44—Measurements (in millimeters) of ulna of Felis atrox 


2905—|2905—|2905-|2905— 2905—|2905—|2905 
R-1 | R-2 | R-3 | R-4 | R-5 | R-6 | R-7 


Greatest length measured parallel to longi- 


tudinaleaxis;ofau nasser reer 4388 |487 |420 |485 |402 |396 |384 
Greatest width of posterior surface of ole- 

GENO JORGE covop00g0000600000000000 47.7| 45.1} 40.9} 42.4] 40.8) 35.4] 35.9 
Greatest transverse width of greater sigmoid 

CAVIGVA ars ran TY COE ee nee 65 69.7} 65.1] 67.3| 59.2] 55.6) 48 


Anteroposterior diameter measured from 
posterior border to top of coronoid process.| 87.5) 87.8| 79.6) 84.5] 74.8] 68.9] 68.5 
Anteroposterior diameter of shaft at proxi- 


maleendtoiatendoniscanaeeen neti 56.7 | 57.7| 50 54.3 | 51.3} 48.7] 42.5 
Transverse diameter of shaft at proximal 
GING | Oi HENCION, HEB cocococcaccnv0000cees 24 22.8) 24.7] 25 21.8) 21 20.7 
Greatest anteroposterior diameter of distal 
CXtlreMmltyeyen LOE eee eee 44.6| 47.5| 44.1] 45.2} 41.2} 37 36.2 
Greatest width of distal extremity......... 27.5| 27.7| 28.5] 28.4] 27.7] 24 23 
RADIUS 


Plates 22 and 37, figs. 4 and 5 


The radius is distinctly shorter and relatively heavier than the comparable ele- 
ment in Felis atrow and in the modern large felines. The stoutness of the radius 
is particularly noticeable in the proximal and distal extremities and in the lower 
half of the shaft as viewed from the side. While the long diameter of the head is 
not so great as that in the extinct true cat, the diameter normal to the long axis 
is greater in the sabre-tooth. The proportions of the proximal extremity furnish a 
broader articulating surface for the humerus. The articulating surface for the 
lesser sigmoid cavity is relatively large. 

The tubercle situated on the anterior surface and below the head is not so large 
as in the lion and tiger and is directed less anteriorly and more toward the ulnar 
border in the sabre-tooth than in the Pleistocene F’. atvox and in the living cats. The 
nutrient foramen is situated not so far below the tubercle in Smilodon as in the 
true cats. The shaft is more bowed in its longitudinal extent in Smilodon than in 
Felis atrox. 

At the distal extremity, the facet for the ulna is smaller and the styloid process 
is heavier than in F’. atrox. The groove for the tendon of the extensor ossis meta- 
carpi pollicis muscle is well defined and deep. The groove for the extensores carpi 
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radialis longior and brevior muscles is broad and deep. That for the extensor 
communis digitorum muscle is also broad but shallower than in the Pleistocene true 
feline. The articulation for the scapho-lunar is not so long in Smilodon as in 
F.. atrox, but the surface is broader in the former than in the latter. 


TaBLe 45—Measurements (in millimeters) of radius of Smilodon 


2006—|2006—|2006— 2006—|2006—|2006—|2006—|2006—|2006—|2006— 
R-1 | R-2 | R-3 | R-4 | R-5 | R-6 | R-7 | R-8 | R-9 | R-10 


Length measured along internal 


bordertaceecee ee eee 289 |295 |294 |269 |264 |257 |260 |258 |236 235 
Long diameter of proximal end..| 49.8} 55.5} 47 50.3} 46 45.6} 45.4] 47.1} 41.3} 41.8 
Greatest diameter taken at right 

angles to long diameter of 

Proxima lkend pee eee 42 44 38 40.2] 37 33.9} 35.9) 37.6) 33.5] 32.2 
Width of shaft at middle....... 38.8 | 33.8] 34.6] 34.3] 29.8) 31 S09 || Bis) GB 26 
Thickness of shaft at middle. ...| 22 24.6| 19.7} 24.1] 20.6] 18.9} 21.1] 19.5) 19.6] 16.5 


Greatest width at distal end 
taken normal to internal face.| 62.8) 67.3} 60.3) 61.8} 59.2) 56.4) 55.3] 57 49.4| 50.8 
Greatest thickness of distal end.| 46.7] 48.2] 45.1] 47 44.4| 41.4) 42.2) 41.6] 36.4] 35.6 


TaBLe 46—Measurements (in millimeters) of radius of Felis atrox 


2904—|2904—|2904—|2904—|2904—|2904—| 2904—|2904—|2904—|2904— 
R-1 | R-2 | R-3 | R-4 | R-5 | R-6 | R-7 | R-8 | R-9 | R-10 


Length measured along internal 
bordennaiccreccruncrre acre 411 |364 |366 |347 |343 |330 |330 |318 |319 |317 
Long diameter of proximal end.| 58.1| 56 55.7 | Sl 53 48.6| 50.1) 47 49.7 |a44 
Greatest diameter taken at right 
angles to long diameter of 


ROI GNC, sccccooccacees 47.2} 40.7] 38.8} 38.3] 38.9} 37.3] 37.1] 33.7] 37.5 |a33 
Width of shaft at middle....... 36.3 | 45.6] 39.6] 39.8] 38.4] 38.2] 33.4] 35.8] 38.7] 38.1 
Thickness of shaft at middle...| 23.4] 26.4] 27.5] 28.1] 25.3] 23.6] 20.7) 21.4] 21.9] 20.8 
Greatest width of distal end....| 72.7| 75.2} 77.6| 70.7| 69.9} 67.4} 63.5| 63.6| 62 61.5 
Greatest thickness of distal end.| 47.4| 47 48.7| 44.8] 45.7] 43.8] 39.7] 38.6] 39.9] 38.3 


a, Approximate. 


SCAPHO-LUNAR 


The scapho-lunar of Smilodon resembles in its general characteristics the com- 
parable element in Felis atrox (figs. 73, 74), although differing from the latter in 
several details. When the proximal surface is viewed, the ulnar side of the articula- 
tion for the radius (R) is seen to be wider in dorsopalmar direction in the sabre- 
tooth than in F. atroz. Furthermore, the process situated at the radio-palmar corner 
projects more to the inner or radial side and less to the palmar side than in F. atrow. 
The concavity for the reception of the styloid process of the radius is relatively 
broad in Smuilodon. 

In dorsal view the principal difference between Smilodon and F. atrox is seen 
in depth of the dorsal surface toward the ulnar side of the element and above the 
articulation for the magnum. This depth is greater in the sabre-tooth than in the 
latter. In distal view the articulating surfaces for the distal row of carpal elements 
are in area not so extensive as in Felis atrox. The surface for the trapezium does 
not extend toward the palmar border quite so far in the sabre-tooth as in F. atrow. 
The palmar border of the surface for the magnum may be deeply notched. The 
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Fic. 73—Smilodon californicus Bovard. Right secapho-lunar, No. 2023-R-3. A, distal view; B, proximal view; 
C, external view; D, dorsal view; x 2/3. Facets for trapezium (7'm), trapezoid (7d), magnum (Mg), unci- 
form (Un), sesamoid (Ses), and radius (R). Rancho La Brea Pleistocene. 


Fie. 74—Felis atrox Leidy. Right scapho-lunar, No. 2921-R-1. A, proximal view; B, distal view; C, dorsal view; 
D, external view; X 2/3. Facets as in figure 73. Rancho La Brea Pleistocene. 


Taste 47—Measurements (in millimeters) of scapho-lunar 


Smilodon californicus* Felis atrox 


Greatest transverse diameter measured nor- 


mal to external border of proximal surface.| 63.1 | 57.2 | 57.7 | 45.5 | 58 61.7 | 50.7 
Greatest dorsopalmar length.............. 37.8 | 42.5 | 40.4 | 31.6 | 438.8 | 49.3 | 37.2 
Greatest proximal distal diameter..........| 35.4 | 32 32.5 | 25.3 | 32.1 | 35.6 | 29.3 


* Selected from a series of 662 individuals. 


unciform surface in Smilodon, while fully as long in dorsopalmar direction as in 
F. atrox, is noticeably narrower in the former type. The external surface of the 
scapho-lunar above the rim of the unciform facet may not be so deeply indented in 
the sabre-tooth as in Felis atrow, 
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CUNEIFORM 


The cuneiform of Smilodon, while somewhat smaller than that of Felis atrox 
(compare figures 75 and 76), differs also from the latter in shape and in size 
and configuration of the articulating surfaces. On the proximal surface the facet 
for the pisiform widens noticeably toward the radial side. The ulnar surface is 
relatively not so broad as in F.. atrox. On the distal surface the facet for the 


Fie. 75—Smilodon californicus Bovard. Right cune- lig. 76—Felis alrox Leidy. Right cuneiform, No. 
iform, No. 2024-R-2. A, outer view; B, inner 2922-R-1. A, B, C, same views as in figure 75; 
view; C, dorsal view; x 2/3. Facets for pisi- x 2/3. Rancho La Brea Pleistocene. 


form (Pi), ulna (UV), and unciform (Un). 
Rancho La Brea Pleistocene. 


unciform is not infrequently rather small and does not extend very far in a radio- 
ulnar direction. Numerous exceptions to this type of facet are to be noted for the 
surface varies considerably in shape. A greater emargination on the ulnopalmar 
side of this facet is present in Smilodon than in Felis. Viewed in dorsal aspect 
the ulnar facet slopes more abruptly downward to the ulnar side than in F. atrow. 


Taste 48—Measurements (in millimeters) of cuneiform 


Smilodon californicus* Felis atrox 


2024—|2024—|2024—|2024—|2922-|2922—- 
1 | R-2 | R-3 | R-4 | R-1 | R-2 | R-3 


Greatest length measured parallel to 
ridge separating pisiform and ulnar 


LA CCL er phe ieee oe tenes SPI || SO 29.8 | 23.9 | 30.1 | 35.3 | 26.4 | 27.9 
Diameter normal to line of greatest 

Lene thereto ine ee et rate PED) || PAA! |) OOLB3 || 2/83 || IL || WSS |) Biloc’ || 2 
Greatest thickness.................. 15.8 | 14.4 | 138.4 | 12.8 | 17.9 | 18 15 14.7 


* Selected from a series of 116 individuals. 


PISIFORM 


The pisiform is a relatively heavy element in Smilodon, in which the head is 
more compressed in its proximo-distal diameter and is more extended in ulnar- 
radial direction than in Felis atvow (figs. 77, 78). The shaft is also broader when 
viewed distally. This character is seen in figure 77A. It continues to the articu- 
lating end, for the maximum width between the borders of the facets for ulna and 
unciform may be actually greater in the sabre-tooth than in F’. atrov. The articu- 
lating surface for the ulna does not encroach so far upon the shaft as in F. atroz. 
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Fie. 77—Smilodon californicus Bovard. Right pisi- Fig. 78—Felis atror Leidy. Right pisiform, No. 


form, No. 2025-R-2. <A, distal view with view 2923-R-1. 
of head; B, radial view; C, ulnar view; X 2/3. « BR. 
Facets for cuneiform (On) and ulna (U). 

Rancho La Brea Pleistocene. 


A, B, C, same views as in figure 77; 
Rancho La Brea Pleistocene. 


Taste 49—Measurements (in millimeters) of pisiform 


Smilodon californicus* Felis atrox 


2025-|2025—|2025—|2025—|2923-|2923-|2923—|2923-|2923—|2923- 
R-1 | R-2 | R-3 | R-4 | R-1 | R-2 3 | R-4 | R-5 | R-6 


Greatest length measured from and 
normal to the contact edge of 
ulnar and unciform facets to the 


head ease Seite nee ee 49.4 | 46.5 | 41.8 | 36 52.4 | 47.9 | 50.2 | 50.6 | 42.4 | 40.7 
Long diameter of articulating end. .| 26.8 | 26.7 | 25.4 | 21.9 | 30 BOY || Bil) || P9383 || B7v/ss) || BA 
Long diameter of head............ 29.6 | 26.5 | 23.5 | 17.4 | 24.3 | 25.3 | 26.1 | 24.2 | 24.2 | 21 


Greatest proximodistal diameter of 
head normal to long diameter. ..| 16.1 | 14 14.9 | 12 19.6 | 18 20.2 | 17.6 


* Selected from a series of 484 individuals. 


Fie. 79—Smilodon californicus Bovard. Right 
trapezium, No. 2026-R-2. A, outer view; B, 
inner distal view; C, dorsal view; D, proxi- 
mal view; X 2/3. Facets for trapezoid (7d). 
seapho-lunar (S-f). metacarpal I (Mel), and 


metacarpal II (McII). Rancho La Brea Pleis- 
tocene. 


TRAPEZIUM 


This element, as seen in dorsal or anterior view and in proximal view (fig. 79), 
is relatively broader than the trapezium of Felis atrox. The dorsal surface does 
not extend downward so far as in F. atrox, although the character is subject to 
some variation in the latter form. When viewed from the side, the dorsal surface 
is seen to be at right angles to the surface articulating with the scapho-lunar. In 


F, atrox the dorsal surface in its extent downward projects forward, making an 
obtuse angle with the surface for the scapho-lunar. 
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On the outer side of the trapezium of Smilodon the facet for the second meta- 


carpal (McII) extends well up along the border of the dorsal surface, and in the 
specimen figured it is confluent with, but demarcated by, a ridge from the facet 


for the trapezoid. 


In F. atrow the two facets are distinctly separated. The con- 


cave articulating surface for metacarpal I is relatively broad. 


Fie. 


81—Smilodon 
Right trapezoid, No. 2007-R-3. A, prox- 
distal view; ©, dorsal 
view; xX 2/3. Facets 
(S-L), metacarpal II 
(Mg), and trapezium 
Rancho La Brea Pleistocene. 


for scapho-lunar 
(Mell), magnum 


Fig. 80—Felis atror Leidy. Right trapezium, 


Nos. 2924-R-1, 2924-R-2. A, E, outer 
view; B, F, inner distal view; C, G, 
dorsal view; D, H, proximal view; x 
2/3. Facets as in figure 79. Rancho 
La Brea Pleistocene. 


Taste 50—Measurements (in millimeters) of trapeziwm 


Smilodon Feli 
ais Se Melis atrox 
californicus 
2026-|2026—|2026—|2924—|2924—|2924— 
R-1 | R-2 | R-3 | R-1 | R-2 | R-3 
Greatest dorsopalmar length. .... 28.6 | 2 Pe |) Sil 29.1 | 25.6 
Greatest proximodistal diameter.| 23.8 | 2 19.3 | 28.2 | 27.4 | 25 
Greatest width of proximal surface} 20.7 | 2 17 19.8 | 20.8/16 | 


* Selected from a series of 119 individuals. 


californicus  Bovard. 


Cn 


N 


Fie. 82—Felis atror Leidy. Right trapezoid, 


No. 2925-R-1. A, B, C, D, same views as 
for figure 81; X 2/3. Rancho La Brea 
Pleistocene. 
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TRAPEZOID 


The trapezoid of Smilodon approximates in size that of the Recent Felis leo 
and F’. tigvis. On the proximal surface the concave portion of the articulation for 
the scapho-lunar is relatively wider in Smilodon than in Felis atrow (compare figures 
81 and 82) and the flattened portion of the articulation is correspondingly smaller 
in the former than in the latter. The two divisions are not separated by so sharp 
a ridge as in F’. atvov. Because of increased size of the concave portion of the proxi- 
mal surface, the dorsal border of the surface may be fully as long as that in F.. atrow. 
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rig. 83—Felis atror Leidy. Fused right trapezium and trapezoid, No. 
2925-R-5. A, distal view; B, proximal view; C, dorsal view; xX 2/3. 
Facets for scapho-lunar (S-), metacarpal I (Mel), and metacarpal 
Il (Mell). Rancho La Brea Pleistocene. 


The distal articulation for the second metacarpal (Mc//) is distinctly bilobate 
and the surface adjacent to the magnum facet (Mg) is noticeably smaller than in 
the extinct true cat and in the Recent large Eurasiatic cats. The surface for the 
magnum (Mg) may be relatively large. Likewise, the articulation for the trape- 
zium (T7'm) is relatively large, the dorsal portion of this surface extending distally 
and touching the articulating facet for metacarpal II. 


Tasty 51—Measurements (in millimeters) of trapezoid 


Smilodon californicus* Felis atrox 


0 7 
R-1 | R-2 | R-3 | R-4 | R- 


2027—|2027—|2925-|2925—|2925—|2925— 
1 3 


Greatest dorsoplantar length........| 27.9 | 26 PBS || PLD || SRL! || POG |) BU |) 2s 
Greatest transverse diameter........ Po)83 || Biles) || Bee || PR! |) SOS || BEL7/ | SRE |) SO) 
Greatest proximodistal diameter... .| 17.8 | 16.3 | 16.3 | 12.8 | 19.7 | 22.9 | 20.8 | 17.3 


* Selected from a series of 101 individuals. 


MAGNUM 


The dorsal surface of the magnum of Smilodon may be fully as wide in proximo- 
distal direction as the comparable surface in Felis atrow, although toward the outer 
side the articulation for the scapho-lunar may encroach more on this surface in the 
former than in the latter. On the inner side (fig. 84A) the facet for metacarpal II 
situated near the palmar border has a shape similar to that in F’. atrox and may be 
comparable in size to or larger than the facet in the latter form. The facets situated 
near the dorsal border and lying between the proximal articulation for the scapho- 
lunar and the distal articulation for metacarpal III consist of two rectangular sur- 
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faces. The proximal facet articulates with the trapezoid, the distal one with meta- 
carpal III. In other words, there is no contact established between the magnum 
and metacarpal II in this region, in which respect the Rancho La Brea sabre-tooth 
differs from F. atrox. The facet for the trapezoid (Td) is relatively large and more 
distinctly outlined and demarcated from the articulating surface for the scapho- 
lunar than in F. atvox. The facet for the third metapodial (McIII) is not so long 
in dorsopalmar direction in Smilodon as in F. atrow. 
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Fig. 84—Smilodon californicus Bovard. Right magnum, No. 2028-R-2. A, 
inner view; B, outer view; C, distal view; D, proximal view; x 2/3. 
Facets for scapho-lunar (S-Z), trapezoid (7d), metacarpal II (Mell), 
metacarpal III (MelIT), metacarpal IV (MelV), and unciform (Un). 
Rancho La Brea Pleistocene. 


Fig. 85—Felis atrox Leidy. Right magnum, No. 2926-R-1. <A, B, C, D, same 
views as in figure 84; 2/3. Rancho La Brea Pleistocene. 


The unciform surfaces (Un) are not so broad as in F. atrov. The facet for this 
element flanking the distal border is distinctly concave in dorsopalmar direction. 
In distal view a noticeable difference between Smilodon and F. atrox is seen in the 
relatively small size of the facet for the fourth metacarpal (McIV). Frequently, 
however, this facet is larger than in the specimen figured. The surface for the 
scapho-lunar is flattened. The palmar end of the lower unciform facet is carried 
outward farther in the sabre-tooth than in the true felid type. 


Taste 52—Measurements (in millimeters) of magnum 


Smilodon 


= : Felis atrox 
californicus* : 


2028—|2028—|2028—|2926—|2926—|2926- 


Greatest dorsoplantar length. ...| 41.9 | 41 31.6 | 44.2 | 40.8 | 3 
Greatest proximodistal diameter.| 27.3 | 27.8 | 22.4 | 29 29.4 | 2 


* Selected from a series of 299 individuals. 
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UNCIFORM 


In dorsal view (fig. 86E), the articulating facet for the scapho-lunar is seen 
to truncate obliquely the proximal end of the dorsal surface and it extends gener- 
ally farther down in a distal and inner direction than in Felis atrox. The proximal 
contour of the articulation for the scapho-lunar is distinctly sinuous, the surface 
being decidedly convex dorsally and concave toward the palmar end. As viewed 
from either the outer or inner side, the palmar end of this surface is situated higher 
above the distal surface than in the large extinct Felis. In other words, the 


Fic. 86—Smilodon californicus Bovard. Right unciform, No. 2029-R-2. A, outer view; B, inner 
view; C, distal view; D, proximal view; i, dorsal view; X 2/3. Facets for cuneiform 
(On), secapho-lunar (S-L), magnum (Mg), metacarpal IV (McIV), and metacarpal V 
(MeV). Rancho La Brea Pleistocene. 


Fig. 87—Felis atror Leidy. Right unciform, No. 2927-R-1. A, B, C, D, E, same views as 
in figure 86; x 2/3. Rancho La Brea Pleistocene. 


proximo-distal diameter of the palmar end of the unciform is relatively greater in 
the sabre-tooth than in F’. atrow. The palmar end is also relatively and absolutely 
thicker transversely in Smilodon. This is particularly noticeable toward the proxi- 
mal surface. On the outer side of the unciform, the facet for the cuneiform is not 
so broad as in Felis. Below this articulation or toward the palmar side, a deeper 
and broader depression is present in the sabre-tooth than in F. atrox. On the inner 
side and situated along the dorsal portion of the distal border is a surface, not clearly 
defined, which articulates with metacarpal III. This surface lies below the area of 
articulation for the magnum and between it and the distal surface for metacarpal IV. 

At the distal end the concave articulating surface for the metacarpals is not 
so broad as in F’. atrow. A faint ridge indicates the separation of the articulating 
areas for the fourth and fifth metapodials. The surface for metacarpal V is dis- 
tinctly narrower transversely than that for metacarpal IV. 
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METACARPAL SERIES 


The diagram shown in figure 88 gives the comparative lengths of the meta- 
carpals in Smilodon californicus and in Felis atrow for specimens of maximum and 
minimum size in series of adult individuals from the asphalt beds. The diagram 
illustrates also the differences in length between the longest and shortest specimens 
of comparable metacarpals in each type of cat, thus expressing the extent of varia- 
tion in this particular character in the sabre-tooth and in F. atrox. With regard 
to the variation displayed in this measurement it should be borne in mind that the 
differences between maximum and minimum lengths of metacarpals are based on 
a much larger series of specimens in S. californicus than in Felis atrow. 

In both types of cats the differences in lengths of metacarpals are approximately 
of the same order of magnitude for the maximum and minimum series. When the 
length of the third metacarpal is used as a basis for reference, the first metacarpal 


Taste 58—Measurements (in millimeters) of unciform 


Smilodon californicus* Felis atrox 


Proximodistal diameter measured 
normal to plane level with dorsal 
and palmar borders of distal 
MVAOMEMTOIMN. soccocooponvacvnovee 34.2 | 32.2 

Greatest dorsopalmar diameter... . | 40.8 | 38.7 | 35.7 | 28.7 | 35 36.1 | 38.3 | 36.8 | 33.7 | 29.4 

Greatest width across dorsal surface.| 27.1 | 25.2 


* Selected from a series of 313 individuals. 


is seen to be slightly shorter, the second metacarpal slightly longer in the sabre- 
tooth than in F. atrox. Distinctly greater variation in length is apparently dis- 
played by the second metacarpal of Smilodon than by the comparable element in 
F. atrow. 

When the metacarpals are in articulation, this portion of the front foot is 
relatively broad but apparently no more spreading than in F’. atrow. The total width 
of the metapodial region, due to the heaviness of the individual elements, combined 
with a noticeable abbreviation in length, furnish in this region the chief points of 
contrast between the sabre-tooth and Felis atrox. 


METACARPAL [I 


The first metacarpal is distinctly shorter and relatively heavier than that of 
Felis atrox (compare figures 89 and 90). The dorsal surface develops a ridge 
which extends obliquely from the inner border of the facet for the trapezium (7'm) 
to a point above the outer portion of the distal articulating surface. This ridge is 
absent in metacarpal I of the large true felid and of the Recent large cats. The 
outer border of the facet for the trapezium is not so long in proximo-distal direc- 
tion in the sabre-tooth as in F. atrox, and the outer surface of the element in this 
region forms a tuberosity in the former which is lacking in the latter. The tuberosity 
to the inner palmar side of the facet is larger in Smilodon than in F. atrow. 
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The distal end of the metacarpal, as viewed particularly from the palmar side, 
is noticeably different from that in F. atrow. The articulating surface for the first 
digit (Di I) is deeply notched in front and distinctly concave transversely. The 
outer portion of the surface is carried forward for some distance, noticeably more 
so in the sabre-tooth than in F’. atrvow. The median keel of the articulating surface 
is sharp and relatively more prominent in Smilodon than in F. atrow. 


Fig. 89—Smilodon californicus Bovard. Right lig. 90—Felis atror Leidy. Right metacarpal 
metacarpal I, No. 2013-R-1. A, dorsal view; T, No. 2911-R-3. A, B, C, D, EH, same 
B, distal view; C, proximal view; D, palmar views as in figure 89; <x 2/3. Rancho La 
view; E, inner view; X 2/3. Facets for tra- Brea Pleistocene. 


pezium (7’m) and first digit (Di); tb, tubercle. 
Rancho La Brea Pleistocene. 


In addition to the shortness and heaviness of the shaft, the characters of the 
distal end serve to distinguish readily this element from the comparable metacarpal 
of Felis atrow. 

One specimen in the Los Angeles Museum collections, No. 2013—R-—5, selected 
from a series of more than 300 elements of the right side, differs from the normal 


Taste 54—Measurements (in millimeters) of metacarpal I 


| 


Smilodon californicus* Felis atrox 


2013—/2013—|2013 -/2013—)2911—/2911—|2911-)2911- 
R-3 | R-2 | R-1 | R-4 | R-1 | R-2 | R-3 | R-4 


Greatest length measured normal to 


ORO GNC, ooncsccovcovuvcedos 39.6 | 39.2 | 38.9 | 27.5 | 50 43.1 | 42.9 | 38.3 

| Greatest width of proximal end...... HVG || DS || DVB || POS || Ba || SG |} Vil 22.4 
Transverse width of distal articulating 

Suriace s.areere Pig Cloner baie 23.1 | 20.9 | 23 18 23.4 | 21.4 | 21 18.6 


* Selected from a series of 344 individuals. 


type of the first metacarpal! in possessing a relatively long shaft. This character 
gives the specimen a greater resemblance to that of F. atrox. The facet for the 
trapezium in No. 2013—-R-—5 is flatter than is generally the case in Smilodon, and 
it differs also in the manner in which it extends over the dorsal surface. The re- 
maining characters clearly indicate that the specimen belongs to a sabre-tooth cat. 
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METACARPAL II 


The proximal surface of the second metacarpal of Smilodon, articulating with 
the trapezoid, lacks the triangular shape seen in the extinct true cat and in Recent 
felines. The palmar base of this surface is broad, due to the relatively much larger 
hook-like process for attachment of the first palmar interosseous muscle. In the 
sabre-tooth the dorso-internal corner of the surface for the trapezoid is elevated 


Fie. 91—Smilodon californicus Bovard. Right me- Fic. 92—Felis atrox Leidy. Right metacarpal II, No. 2912- 


tacarpal II, No. 2014-R-1. A, dorsal view with R-1. A, B, C, same views as in figure 91; X 2/3. Facet 
view of proximal end; B, outer view; C, inner for magnum (Mg); remaining facets as in figure 91. 
view; x 2/3. Facets for trapezoid (7d) tra- Rancho La Brea Pleistocene. 


pezium (7'm), and metacarpal III (McIIT). 
Rancho La Brea Pleistocene. 


distinctly above the remaining facet, and this elevation interrupts the general con- 
cavity of the proximal end but accentuates the depression immediately adjacent to 
it. In this character, Smilodon differs noticeably from Felis atrox (compare figures 
91A and 92A). 

On the dorsal face of the metapodial and below the proximal end, the oblique 
groove for the radial artery is deeply marked. The dorsal surface does not widen 
in its extent from the groove to the proximal border, as in the true felines. The 
swelling on the dorso-internal border below the groove is more pronounced in 
Smilodon than in Felis atrow and in Recent cats. On the inner surface of the proxi- 
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mal end the facet for the trapezium (7m) is elongate proximo-distally and rela- 
tively larger than in F’. atrov. In side view the facet is seen to project above the 
proximal border. 

On the external side of the proximal end the dorsal facet for metacarpal III 
(MclIII) is not elongated obliquely from the proximo-palmar end to the dorsal end, 
as in the extinct true felid and Recent cats. In Smilodon the major axis of the facet 
is more nearly longitudinal. A facet articulating with the magnum and present 
in Felis atrox is lacking in the sabre-tooth. 


Taste 55—Mecasurements (in millimeters) of metacarpal IT of Smilodon californicus 


Right* Left} 

2014—|2014—/2014-|2014—|2014—/2014 

R-1 | R-2 | R-3 | L-1 2 | L-3 

Mac. Min.| Max Min 
Greatestilengthwrrsmnme i ier eit ord oteiete there 103.8 | 90.2] 76.4/105.5| 90.8} 76.4 
Greatest transverse diameter of proximal end..... OPA | 2PRIL|| SOG] SRI) Vlh]) Sal 
Greatest dorsoventral diameter of proximal end. .| 34 29.8} 28 34 32.8} 27.2 
Transverse diameter at middle of shaft........... 18.7} 18 15 17.9} 18 S27 
Dorsoventral diameter at middle of shaft......... 16.5| 17.8] 13.9| 17.8| 16.3} 14.8 
Greatest transverse diameter at distal end of shaft.} 27.6| 25.6} 22 26.4| 25.2] 22.6 
* Based on a series of 676 specimens. | Based on a series of 753 specimens. 


TaBLE 56—Measurements (in millimeters) of metacarpal II of Felis atrox 


Right* Leftt 
2912—|2912—|2912—)2912—/2912—|2912- 
R-1 | R-2 | R-3 | L-1 | L-2 | L-3 
| -— 

Max. Min.| Max. Min. 
Greatest#lengthmerer pry torte ete eae near 124.4)116 |104.6 |}122.8 |115.7 |100.4 
Greatest transverse diameter of proximal end..... 29 28.4] 23.8) 29 25.8 | 22.9 
Greatest dorsoventral diameter of proximal end. .| 38.5} 35.8] 32.3] 36.4] 34.1] 32 
Transverse diameter at middle of shaft........... 19.3] 18.1] 16.4] 19.8) 18.8) 16.7 
Dorsoventral diameter at middle of shaft......... 20.8) 18.8) 17.1] 20.8| 18.6) 17.4 
Greatest transverse diameter at distal end of shaft.| 29 26.6] 24.3) 27.7) 26.2} 23 

* Based on a series of 32 specimens. + Based on a series of 31 specimens. 


The shaft is relatively broad. At the distal end the tuberosity situated on each 
side of the proximal surface and at the point of union of shaft with distal epiphysis 
is perhaps more prominent than in F. atrov. The depression lying between these 
tuberosities and above the distal articulating surface is broader and extends farther 
along the dorsal surface in Smilodon than in F. atrox. 


METACARPAL III 


The shaft of the third metacarpal of Smilodon is not only broader than that 
of the great lion-like cat, but it also widens more distally than that of the latter 
form. At the proximal end the articulating surface for the magnum is wide and 
for the most part broadly concave. Toward the palmar border this surface is dis- 
tinctly wider than in the true felines. Along the lateral border the surface for the 
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magnum is sharply separated from a lateral facet for the unciform. Along the 
inner border where the dorsal facet for the second metacarpal meets the surface 
for the magnum, a sharp ridge is formed which is more conspicuous than in Felis 
atrox. As viewed from the proximal end, a broad and deep notch penetrates the 
magnum surface between the dorsal and palmar facets for metacarpal I]. In 
F’. atvow this notch is acute and is not so deep as in the sabre-tooth. 


I'ia. 93—Smilodon californicus Bovard. Right metacarpal Fie. 94—Felis atroz Leidy. Right metacarpal III, No. 
TIT, No. 2015-R-1. A, dorsal view with view of proxi- 2913-R-1. A, B, C, same views as in figure 93; x 2/3. 
mal end; B, outer view; C, inner view; X 2/3. Rancho La Brea Pleistocene. 

Facets for unciform (Un), magnum (Mg), metacarpal 
II (McII), and metacarpal IV (McIV). Rancho 
La Brea Pleistocene. 


Viewed from the inner side (compare figures 93C and 94C), the dorsal facet 
for metacarpal II is seen to be of large size. This facet is flatter than the corre- 
sponding surface in the extinct true felid. Its long axis tends to be longitudinal, 
whereas in F’. atrox the long axis is oblique to the longitudinal axis of the metapodial. 
On the outer side of the proximal end, the facet for metacarpal IV is broad with 
the palmar portion of the surface broader in proximo-distal direction than in F. 
atvox. Above this surface and lying between it and the outer margin of the dorsal 
surface for the magnum is a relatively large articulating facet for the unciform 
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(Un), indicative of a broad contact with the latter element. This facet is absent 
in Felis atrox. 

When the third metacarpal is viewed from the side, the distal portion of the 
shaft is seen to be thinner in dorso-palmar direction than in F. atrox. The palmar 
keel of the distal articulation is well developed. 


Taste 57—Measurements (in millimeters) of metacarpal III of Smilodon californicus 


Right* Left* 

2015-|2015-|2015-|2015—|2015—-|2015- 

R-1 | R-2 | R-3 | L-1 | L-2 | L-3 

Max. Min.| Maz. Min. 
Greatestilengthe rciissccccree qian Sire sire savers erties relents 107.8} 95.8] 83 {109.6} 96.4] 83.2 
Greatest transverse diameter of proximal end........... SOMAle2 a 24.6} 29.6] 27.6} 24.2 
Greatest dorsoventral diameter of proximal end........ 28.8] 25.4] 23 29.2] 26 22.8 
Transverse diameter at middle of shaft................. 19.5] 17.6] 14.6] 20 17 14.8 
Dorsoventral diameter at middle of shaft............... 15.7| 13 1837)|| Wess It || IB39]| 1183 
Greatest transverse diameter at distal end of shaft....... 29.4] 25.6} 23.7] 29.3} 27.7} 22.4 
* Based on a series of 737 specimens. + Based on a series of 709 specimens. 


Taste 58—Measwrements (in millimeters) of metacarpal III of Felis atrox 


Left} 


2913—|2913—/2913—|2913-/2913-|2913 
R-1 | R-2 | R-3 | L-1 | L-2 | L-3 


Max. Min.| Mac. Min. 
Greatestileng theme vaccinate ite es cee sve eee 139.4 |130.6 |113.9 | 138.8 |126.6 |116 
Greatest transverse diameter of proximal end........... 34.2] 30.6| 27 34 31 27.8 
Greatest dorsoventral diameter of proximal end........ 35-2)| 31-9) 28°3)| 3322)| 31-1) 25:8 
Transverse diameter at middle of shaft................. 19.4} 19.7} 16 21.3) 19.6] 14.4 
Dorsoventral diameter at middle of shaft...............| 17.7] 17.9] 14.8} 18 16.2} 13 
Greatest transverse diameter at distal end of shaft....... 29 26.4} 24 29.2} 26.5] 23 


* Based on a series of 30 specimens. + Based on a series of 31 specimens. 


METACARPAL IV 


The proximal end of the fourth metacarpal of the sabre-tooth differs somewhat 
in shape and in outline from that of Felis atrox (compare figures 95A and 96A). 
Toward the palmar side, the proximal end is relatively not so broad in Smilodon as 
in fF’. atrox. The outer border of the surface articulating with the unciform (Un) 
curves into the palmar border. In the latter, as in the living cats, the outer 
border is straight. In the great lion-like cat the inner border of the proximal 
end is deeply notched near the middle, while in Smilodon the indentation is not so 
distinct. Likewise, an indentation of the dorsal border occurs between the surfaces 
for unciform and metacarpal III in Felis atrox. This indentation is absent in the 
sabre-tooth. Viewed from the dorsal side, the plane of the unciform surface in 
Smilodon is seen to form a distinct angle with the plane of the surface for the third 
metacarpal. In F’. atrox, however, the impression is strongly given in comparable 


view that the plane of one surface is not strongly deflected from the plane of the 
other. 
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Fic. 95—Smilodon californicus Bovard. Right 
metacarpal IV, No. 2016-R-1. 
with view of proximal end; B, outer view; 
C, inner view; X 2/3. Facets for unciform 
(Un), metacarpal III (MecIII), and meta- 


carpal V (MeV). Rancho La Brea Pleisto- 
cene. 


Fic. 96—Felis atroz Leidy. Right metacarpal IV, No. 
2914-R-1. A, B, C, same views as in figure 95; 
x 2/3. Rancho La Brea Pleistocene. 


A, dorsal view 


Taste 59—Mecasurements (in millimeters) of metacarpal IV of Smilodon californicus 


Right* Leftt 


2016—|2016—|2016—|2016—|2016—|2016— 
R-1 | R-2 | R-3 | L-1 | L-2 | L-3 


Maz. Min.| Maz. Min. 


Greatestilength®: aan. sneer e re ee ea eee 105.6 | 92.2} 79.4 |107.4| 92.3] 79.4 
Greatest transverse diameter of proximal end........... 24.2) 21.4] 20.4] 26.6] 21.8] 18.9 


Greatest dorsoventral diameter of proximal end........ 27.4| 24.7) 22.8) 25.8] 26 20.6 
Transverse diameter at middle of shaft................. 16 15.3] 12.4] 15.9| 15.8} 12.3 
Dorsoventral diameter at middle of shaft...............| 14.9| 14.4] 12.8} 14.4| 14.5] 12.2 
Greatest transverse diameter at distal end of shaft....... 24.6) 23 19.6} 22.7) 21.9} 20.2 


* Based on a series of 733 specimens. + Based on a series of 742 specimens. 


The facet for metacarpal III, situated toward the palmar side of the proximal 
end, is more extensive in Smilodon than in F. atrox. On the outer side of the proxi- 
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mal end two articulating surfaces for metacarpal V are clearly outlined. The facet 
situated dorsally may, however, extend to the proximal border as in F. atrox. 

As in the third metacarpal of Similodon, the lower portion of the shaft is com- 
pressed somewhat in dorso-palmar direction, more so than in F. atrow. Likewise, 
the palmar keel of the distal end is more prominent than in F. atrow. 


Taste 60—Measurements (in millimeters) of metacarpal IV of Felis atrox 


Right* Left f 
ae || eee | 
2914—|2914—|2914—|29 14—|2914—/2914 
R-] | R-2 | R-3 | L-1 | L-2 | L-3 
Maz. Min.) Max. Min.) 
Greatesthlen eth eurnae cos crcicw- ok aot a aeiled sls neers stata ee 136.4/129 |112 |142.7/127.1)112.1}| 
Greatest transverse diameter of proximal end...........| 27.6| 26.7] 22.2| 25.7] 26.3] 22.9 | 
Greatest dorsoventral diameter of proximal end........ 31.7] 30.1] 26.9] 29.3] 30 27 
Transverse diameter at middle of shaft................. 18.9] 17.3] 15.1] 17.4] 17.4] 15 
Dorsoventral diameter at middle of shaft............... 17.2} 15.7| 14.8} 16.9] 17.6] 14.6 
Greatest transverse diameter at distal end of shaft....... 27.4) 24.2) 21.6) 26.3) 24.3) 21.7 
* Based on a series of 32 specimens. + Based on a series of 37 specimens. 


Fic. 97—Smilodon californicus Bovard. Right Fic. 98—Felis atrox Leidy. Right metacar- 
metacarpal V, No. 2017-R-1. A, dorsal view pal V, No. 2915-R-1. A, B, C, same 
with view of proximal end; B, inner view; views as in figure 97; 2/3. Rancho 
C, outer view; X 2/3. Facets for unciform La Brea Pleistocene, 


(Un) and metacarpal IV (McIV). Rancho 
La Brea Pleistocene. 
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METACARPAL V 


The proximal surface articulating with the unciform is relatively broad, more 
so than in Felis atrox. Viewed from the inner side (compare figures 97B and 98B), 
the plane of this surface is seen to dip not so steeply into the plane of the dorsal 
surface in Smilodon as in the large true cat type. The inner ear-shaped projection 
of the proximal end, supporting a portion of the articulating surface for the fourth 
metacarpal, is not so large in the sabre-tooth as in F. atrvov. To the palmar side of 
this projection, the notch which indents the margin of the facet for metacarpal IV 


Taste 61—Measurements (in millimeters) of metacarpal V of Smilodon californicus 


Right* Left 


2017—|2017—|2017—|2017-|2017—|2017— 
R-1 | R-2 | R-3 | L-1 | L-2 | L-3 


Mac. Min.| Mac. Min. 
Greatestlenothin-gusthi. ae Rae ea ere A ete ey as 85 75.3 | 62.8] 86.6] 74.9] 61.6 
Greatest transverse diameter of proximal end........... 28.8 | 22.8] 20.3) 27.9] 24.4] 20.1 
Greatest dorsoventral diameter of proximal end........ 31 25.8] 25.2) 32.2] 28.8] 23.3 
Transverse diameter at middle of shaft.................| 17.2] 14.4] 13.3] 17.9] 15.4] 12.9 
Dorsoventral diameter at middle of shaft............... TEL) PR |] Wale |) WGI || 1183 10.8 
Greatest transverse diameter at distal end of shaft....... 25.7| 22.2] 20.4] 26.6] 24.4] 19.6 

* Based on a series of 745 specimens. + Based on a series of 733 specimens. 


TaBLe 62—Measurements (in millimeters) of metacarpal V of Felis atrox 


Right Left 


2915—/2915-|2915-|2915—|2915—/2915 
R-1 | R-2 | R-3 | L-1 | L-2 | L-3 


Max. Min.| Maz. Min. 
Greéatestileneth:..5 2116455 noche ents See eee 115.3 |105 90.6 |113 |106.6} 91.7 
Greatest transverse diameter of proximal end........... PH (al fa P< al 139 Ul 30) 27.8| 24.9 
Greatest dorsoventral diameter of proximal end........ 30.8] 31.3] 27 33.2| 29.8) 27.3 
Transverse diameter at middle of shaft................. 15.8] 17 14.2} 17.6) 16.3] 14.2 
Dorsoventral diameter at middle of shaft............... 15.2| 15 1322/1528) | 14 1) 122 
Greatest transverse diameter at distal end of shaft....... 25.2| 24.9] 21.2) 26.7) 24.8] 22.2 


is broad. In F. atroxw the notch is narrower and the articulating surface for the 
adjacent metapodial swings farther along the palmar border of the proximal end 
than in Smilodon. 

On the outer side of the proximal end the surface of the tuberosity is frequently 
depressed or may be flattened in the sabre-tooth, while in the extinct true felid 
it is often convex. The shaft of metacarpal V is relatively stout. The inner and 
palmar surfaces are flat and sharply separated along the inner palmar border. In 
F. atrox the cross-section of the shaft at the middle is oval and no sharply defined 
borders are present. The palmar keel of the distal articulation is prominent. 
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DIGIT I, PROXIMAL PHALANX 


Compare this element of Smilodon with that of Felis atrow (see figs. 99 and 
100). The proximal phalanx in the sabre-tooth is relatively wider than that of 
F., atrox, but not so deep dorsoventrally. The latter difference is seen best in side 
view, but the distal articulation for the ungual phalanx likewise shows a greater 
depth in F’. atrow. The dorsal surface of the distal end appears to be more deeply 
incised by a longitudinal groove in the latter than in the sabre-tooth. The notch 
which indents the palmar border of the proximal end is deep and acute in Smilodon, 
while in F’. atvox it is wide and more open. Behind the distal articulation the pal- 
mar surface of the phalanx is broadly excavated, apparently more so in the former 
than in the latter. 


Fig. 99—Smilodon californicus Bovard. Digit I, Fig. 100—Felis atror Leidy. Digit I, manus. 
manus, proximal phalanx, No. 2073-1. A, proximal phalanx, No. 2968-1. A, B, C, 
dorsal view; B, distal view; C, proximal D, E, same views as in figure 99; x 
view; D, palmar view; HE, inner view; x 2/3. Rancho La Brea Pleistocene. 


2/3. Rancho La Brea Pleistocene. 


INNOMINATE BONE 
Plates 24 and 39, figs. 1 and 2 


The os innominatum of Smilodon differs from that of Felis atrox in several 
noteworthy structural details. The anterior inferior spine and the posterior inferior 
spine are quite prominent in Smilodon, more so than in F. atrow. The anterior 
inferior spine has moved farther forward with reference to the crest of the ilium 
in the sabre-tooth, and the anterior border behind or below the spine is formed by 
a sharper ridge than in F’. atrow. The crest of the ilium is not quite so pointed 
or is at least not so acutely rounded in Smilodon as in the true felines. The external 
surface of the ilium is not so deeply excavated as in the great lion-like cat. In 
the specimen under observation, the line bordering the area of attachment of the 
gluteus medius muscle lies closer to the anterior border than to the posterior border. 
In F’. atrox the reverse is the case. On the inner side of the ilium the area to which 
the sacrum is attached suggests a strong union with this element. The ilium may 
be thicker or heavier through the region which joins the sacrum than that of F. 
atrox. Two prominent rugose surfaces lie above or in front of the rim of the acetabu- 
lum and presumably indicate strong attachments for the rectus femoris and gluteus 
quartus muscles. The ilio-pectineal eminence is very distinct. 
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The innominate bone of Smilodon is actually broader as measured from the 
border of the lesser sacro-sciatic notch to the symphyseal border than that of F. 
atrox. The tuberosity of the ischium is not so heavy as in the latter, but the body of 
the ischium is quite wide. The body of the pubis as well as the horizontal ramus of 
this element are narrow, distinctly more so than in F. atrox. The inner surface of 


Taste 63—Measurements (in millimeters) of innominate bone of Smilodon 


2008—| 2008— | 2008—| 2008—| 2008— | 2008—| 2008— | 2008— | 2008— | 2008- 
R-1 | R-2 | R-3 | R-4 | R-5 | R-6 | R-7 | R-8 | R-9 | R-10 


| Length from anterior end of 
ilium to posterior border of 


| TOMI, scocooocovconsccoce|| Gls 363 363 347 341 332 323 307 309 |a283 
| Greatest depth of ilium....... 94 90.7| 91.8] 85.8} 91.9} 81.5) 81.1! 76.9} 76.2} 73.8 
Length of symphysis......... IPAS, Iicoo dc VLG | eane 117.8} 114 ION} WOB |oococolloccoce 


Width of ischium measured 
from ischial tuberosity to 
| posterior end of ischial 
EVAN OCTESS, cooconvceuc000 117.7| 117.3} 112.6} 114.5) 103.3] 111.4] 109.4) 107 | 108.6} 88.6 
Diameter of acetabulum meas- 
ured at right angles to long 


| axis of internal notch...... 54.7) 54.2) 54.8] 52.9) 48.9} 50.6) 50.8) 44.3) 44.8) 46.4 
Long diameter of obturator 
fOTAM EH Aa ete tenon nee 74.2) 78.4| 82.4) 70 75 80.6] 69.9} 72.2) 73.1) 69.9 


Greatest diameter of obturator 
foramen taken normal to 
lonvacdiaine tenant 52.8] 56.8] 57.4) 46.3] 51.9] 53.9} 48.3) 47.7]...... 45 


a, Approximate 


TasLe 64—Measurements (in millimeters) of innominate bone of Felis atrox 


2906-— | 2906— | 2906- | 2906— | 2906 
R-1 R-2 R-3 R-4 R-5 
Length from anterior end of ilium to posterior 
IORRGKESP OME NEUTER, cooodaccocnoosvnn0a00vao00s 370 365 345 |a338 347 
Greatested epuhko tel (Um yee eee nee 90.6] 838.4| 74.8} 78.2] 83 
| Wer OH ATT, 50025 ccccececcosess0s000¢ 146.2 | 186.8 | 1384.5 | 1388 128 
Width of ischium measured from ischial tuberosity 
to posterior end of ischial symphysis........... 111.1) 111.2] 101 106.4 | 101.3 
Diameter of acetabulum measured at right angles 
tomonsraxisiotsinternalmoctcheennrernneeeeeiio 54.8] 54.7] 51 49.4| 47.3 
Long diameter of obturator foramen............. 85 82.4| 87.9} 84.4] 79.4 
Greatest diameter of obturator foramen taken 
TAYORE ATEN THO Noraver CHEWING? ccoccacccouco0uda0ec‘s 46.9| 46.5] 47.4] 50.3} 46.9 


a, Approximate. 


the cotyloid bone may be decidedly convex in Smilodon. The symphyseal union in the 
pubic region does not appear to have been as strong in the sabre-tooth as in F. 
atrov. While the long diameter of the obturator foramen is shorter than that of 
the extinct true felid, the greatest diameter of this opening taken normal to 
it exceeds that in F’. atrox. The even curve of the border of the obturator foramen is 
broken by the presence of a distinct spine on the pubis. The articulating surface 
within the acetabulum for the head of the femur is broader in Smilodon than in 
F, atrow, 
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FEMUR 
Plates 28 and 388, figs. 1 and 2 


The thigh bone of the sabre-tooth is a shorter and relatively heavier element 
than that of F. atrox. The shaft is noticeably broader throughout its length than in 
the latter and widens gradually from a point near the middle of the femur toward 
the proximal and distal extremities. The shaft appears to be slightly bowed in its 
longitudinal extent. The distal portion of the shaft is flatter, less cylindrical than 
in F’. atrox. A nutrient foramen on the inner side of the posterior surface of the 
shaft is situated midway between the lesser trochanter and the distal articulation. 

Several structural characters seen at the proximal end serve to distinguish 
the femur of Smilodon from that of Felis atrox and from the large living cats. The 


Taste 65—Measurements (in millimeters) of femur of Smilodon 


2009—|2009-|2009— | 2009—|2009—|2009—|2009—|2009-| 2009—|2009— 
R-1 | R-2 | R-3 | R-4 | R-5 | R-6 | R-7 | R-8 | R-9 | R-10 


Greatest length from top of 
greater trochanter to distal 
condyles, measured parallel 
to long axis of femur......... 408 |399 |390 |388 {881 |870 |3538 |342 |329 |317 

Transverse diameter of proxi- 
mal end, outer face of greater 
trochanter to inner side of 
head, taken normal to median 


longitudinal plane........... 108.8 | 98.1 |106.3 | 98.7 |102.9| 96 92 86.4| 82.7} 83 
Greatest antero-posterior di- 
ameteroisheadeaereeenrnetee 50.7 | 44.4) 47.4) 45.7] 48 45.6] 43.2] 39.7] 39.1] 39.4 
Transverse diameter of shaft at 
Midd lenery Pianek ymin pesiss aot 40.4] 35.2] 35.6] 38.4] 39 37.3 | 38.1] 30.8] 33.5] 30.1 
Antero-posterior diameter of 
Arends iy WCCO. .s0500000000 35.4| 31.4] 33.8] 31.9] 33.2] 33.6} 31.5] 29.2] 28.3) 26.8 
Greatest width of distal ex- 
{ANCIOOB Uo’ Bo Odin Grom 90.2| 76.8} 84.7] 82.9} 84.9| 82.3] 76.2] 73.4] 68.3] 65.2 


Greatest antero-posterior di- | 
ameter of the distal extremity, | 
at right angles to longitudinal 
ENS OF VEWMIPs ooo onccucvo00e 80.3 | 74.3) 76.6) 74.5] 77 77.2| 72.7| 69.4) 64 63.9 

Greatest width of rotular surface.| 60 47.8| 53.3] 53.6] 52.3] 54.8] 52 44.9| 42 43.4 

Greatest width of intercondylar 


NOtCH eRe ene oe 21.7] 21.1] 22.5) 16.9} 23.3] 22.7) 15.4) 18.6] 19.8} 14.5 
Greatest width of articular sur- 
face of inner condyle......... S60 || P|] SRO) SES] BRL2/ |] Sil 33.2 | 28.4] 24.9) 26.5 


greater trochanter rises distinctly above the level of the head and is obliquely trun- 
cated on its lateral side. The outer surface of the trochanter extends farther down 
the proximal extremity of the femur. Viewed from the posterior side, the lesser 
trochanter is seen to be situated at a point distinctly below the head. This distance 
is greater in the sabre-tooth than in F. atrox. The digital fossa is a larger depression 
than in the latter. Between the fossa and the head the posterior surface of the 
neck develops a rounded and prominent tuberosity. The head is essentially like 
that in F’. atvow, but may be relatively larger than in the latter type. 

The patellar surface is slightly more excavated than in F’.. atrow and the lateral 
borders appear to be more prominent dorsally in the sabre-tooth. The inner and 
outer tibial articulations are of nearly equal size. In contrast to the great lion- 
like cat these surfaces are separated by a decidedly narrower intercondyloid notch 
in Smilodon. The rugose areas at the lower end of the shaft and above the outer 
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and inner articulating surfaces of the distal end, to which are attached the gastroc- 
nemius muscle, are much less pronounced in Smilodon than in Felis atrow. 


TABLE 66 


Measurements (in millimeters) of femur of Felis atrox 


2907—| 290 
-1 


2907—| 2907—| 290 2907— | 2907—} 2907— | 2907— 
R ‘ 7 


7 ef 7 
R-2 | R-3 | R-4 | R-5 | R-6 | R- R-8 R-9 | R-10 


Greatest length from top of greater trochanter 
to distal condyles, measured parallel to 
loneyaxiS Ole Le MUTT See eeee renner 402 455 460 437 435 423 415 402 a393 391 

Transverse diameter of proximal end, outer 
face of greater trochanter to inner side of 
head, taken normal to median longitudinal 


DANG Fosse eee eo oe TTS 100.6} 120.3] 112.8] 105.7) 101.5) 107 99 100.6| a97 97.9 
Greatest anteroposterior diameter of head...| 47 54.3] 53.8] 47.9) 50.3) 49.7| 46.6] 47 48 44.2 
Transverse diameter of shaft at middle...... 37 45.3] 41 41.3] 41.7|) 40.3} 35 36.5 SORO)|oOne) 
Anteroposterior diameter of shaft at middle..| 32.5) 42.5] 37.6] 36.3] 37.8] 35.6] 32.2] 32.3 B33 || FBI 
Greatest width of distal extremity.......... 87.1] 105.4] 95.5] 90 92.8] 92.5] 85.8) 90 89.3] 79.9 
Greatest anteroposterior diameter of the 

distal extremity, at right angles to longi- 

LUCIEN GRO) OH HEMP 66 0g000000000000000 85.4] 98.6] 96.4] 87.9] 91.8] 98.7) 85 85.4 86.7| 82.6 
Greatest width of rotular surface............ 53 60 56 52 52.4| 46.5) 42 47 44.3) 40.7 
Greatest width of intercondylar notch....... | PEN B08) 28)i5]| 9% 24 2BA3|| P27 || OX} 24.3] 18.6 
Greatest width of articular surface of inner 

CONGY le ee aie nn Te eee 32.1) 39 35.2] 35 36.7| 34.4] 32.5) 32 30.8) 31.3 


a, Approximate. 


PATELLA 
Plates 23 and 88, fig. 7 

The patella of Smilodon approximates in size the kneecap of the modern cats, 
Felis leo and F. tigris. The element differs from the patella of Felis atrox and of 
the living cats in its relative heaviness, particularly as indicated by the antero- 
posterior diameter. The transverse convexity of the femoral articulation is more 
pronounced in the sabre-tooth than in F. atrox. The end of the distal tongue is 
broadly rounded, not pointed as in the extinct true cat type. 


Taste 67—Measurements (in millimeters) of patella 


Smilodon californicus* Felis atrox 


2012—/2012—|2012-)2012—|2910—|2910—/2910—|2910- 
2 


R-1 | R-: R-3 | R-4 | R-1 | L-1 | L-2 | L-3 

Greatest proximodistal diameter... .| 64.2 | 57.7 | 57.7 | 44.7 | 75.7 | 73.8 | 66.8 | 63.8 

Greatest transverse width...........| 47 45.3 | 40 33.6 | 46.6 | 54.9 | 43.8 | 42.7 
Anteroposterior diameter through 

middle of articulating surface...... | 29.6 | 29.4 | 25 19.7 | 27.6 | 31.4 | 25.6 | 26.4 


* Selected from a series of 679 individuals. 


SESAMOIDS 
FABELLA 


Several nodular elements appear to represent these femoral sesamoids. These 
specimens are heavier than the comparable bones in the lion or tiger. Measurements 
(in millimeters) of No. 2037-2 are as follows: Greatest length 17, greatest width 
13.3, greatest thickness through articulating facet 9.9. 
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PHALANGEAL SESAMOIDS 


A number of phalangeal sesamoids are available in the collection. These vary 
in size and in shape. Those of larger size (fig. 101C, D) may represent Felis atrow, 
while the smaller elements (fig. 101B), of which there are a greater number, pre- 


Fie. 101—Sesamoids; * 1. <A, B, Smilodon californicus Bovard, Nos. 2037-2 and 2037-1; 
C, D, Felis atroxr Leidy, or S. californicus, Nos. 2935-2 and 2935-1 


sumably belong to Smilodon. The characters displayed by the specimens from the 
asphalt are essentially like those in the large living felines. In some of the elements 
referred to Smilodon, the ridge behind the articulating surface appears to be rela- 
tively heavy. 


Tasie 68—M casurements (in milli- 
meters) of phalangeal sesamoids 


| 
2037-1/2935-1|2935-2| 
| 

| 


Greatest length. .| 27.3 | 31. 
Greatest width...| 11.1 WAL || WD, 


TIBIA 
Plates 23 and 38, figs. 3 to 6 

The elements of the lower segment of the hind limb, like those of the forearm, 
are short, but the tibia is relatively not so heavy in Smilodon as in Felis atrow. At 
the proximal end the articulating surfaces for the femur are not so large nor is the 
Spine so prominent as in the latter type. The tubercle for attachment of the liga- 
mentum patellz is relatively broad and the cnemial crest is heavier in the sabre- 
tooth than in F’. atrow. In side view, the crest is seen to project farther forward in 
Smilodon than in Felis leo or in F. tigris. In this view also the border extending 
forward from a point in front of the femoral articulation to the tubercle makes a 
more rapid descent in Smilodon than in the Pleistocene F. atrow. 

The proximal and distal articulations for the fibula are larger in the sabre-tooth 
than in F. atrox. Viewing the tibia from the outer side, the posterior face of the 
upper half of the shaft is seen to round gradually into the outer surface. Thus 
the nutrient foramen on the posterior surface becomes clearly in evidence in lateral 
view. In Felis atrox and in the modern cats, on the other hand, the lateral and 
posterior surfaces of this region of the shaft are sharply demarcated and the 
nutrient foramen is not seen in lateral view. The posterior surface below the 
head is not so deeply nor so broadly excavated in Smilodon as in F. atrow. The pos- 
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terior surface of the distal third of the shaft is flat, not distinctly convex as in the 
Rancho La Brea lion-like type. 

At the distal extremity the grooves for the tendons of the flexor longus digi- 
torum and tibialis posticus muscles are well defined. A distinct tubercle on the 
posterior side of the distal extremity separates the course of the tendon of the flexor 
longus digitorum muscle from that of the flexor longus hallucis muscle. The notch 
incising the anterior border of the distal surface is noticeably smaller than in F. 
atrow. 


Tas_e 69-—AMcecasurements (in milrameters) of tibia of Smilodon 


| 
| 
2010-|2010—|2010—/2010-|2010—|2010—|2010—|2010—|2010—|2010- 


R-1 | R-2 | R-3 | R-4 | R-5 | R-6 | R-7 | R-8 | R-9 | R-10 

Greatest length measured par- | 

allelgtosl ones] Seine 305 |301 |284 |288 |291 |282 (264 |241 |2389 |241 
Greatest transverse diameter of 

DLOxIMN] tend eee eee 84.4| 89 90.4 | 87.4] 86 84.9] 83.1) 76.4) 72.5) 74.8 
Transverse diameter of shaft at 

MIC eee Hee ee 26.8] 32.3] 33 29.5| 29.5] 28.2) 25.7) 27.9) 25.1] 25.7 
Greatest transverse diameter of 

distaliend Sse eae aoe 63.3 | 61.3} 60 58.6] 56.5} 57.8) 55.4| 51.9) 45 50.2 
Greatest anteroposterior  di- 

ameter of distal end......... 40.8| 38.2) 40.2} 41.1} 40.8] 36.6] 40.4) 34.4] 34.8) 33.3 


Taste 70—Measurements (in millimeters) of tibta of Felis atrox 


| 
2908-|2908-|2908—|2908—|2908—|2908—|2908—|2908—|2908—|2908— 
| R-1 | R-2 |} R-3 | R-4 | R-5 | R-6 | R-7 | R-8 | R-9 | R-10 
Greatest length measured par- 
allelatosl ono xi Seen 400 |382 |381. |3869 |362 |355 |353 |339 /338 [3838 
Greatest transverse diameter of 
jamal GNC. po coccsoccoeue 107 102.7 |106.7| 97.9} 98 95.4] 95.1] 95.4] 93.6] 86.7 
Transverse diameter of shaft at 
Middles cence A Oe ee 40 36.6 | 48.4] 37.5] 37.5) 33.8) 37 33.3] 32 oo 
Greatest transverse diameter of 
distalvend heer wer ee eee 74.8| 71.4| 77.4| 65.5) 68.3} 65 65.8 | 66 62 59.1 
| Greatest anteroposterior diame- 
| Uae Or Chall EC), oosocbo ooo 52.3 | 50.3] 51 46 49.4) 45.3} 45.3] 44.2) 41.7| 42.4 
FIBULA 


Plates 24 and 39, fig. 4 


The fibula in Smilodon is not only stouter and relatively heavier than the com- 
parable element in Felis, but exhibits also a number of structural peculiarities unique 
to this form. The proximal end, as viewed from the inner side, is fan-shaped. The 
anterior and posterior borders of this end descend rapidly to form the comparable 
borders of the shaft. The anterior and posterior ends of the proximal extremity are 
tuberous. Immediately below the proximal end the outer surface of the shaft is 
broadly and deeply excavated. 

The shaft when viewed from the inner side does not increase in anteroposterior 
diameter from the upper to the lower end. The inner surface is not bent in the 
manner seen in the fibula of Felis atrox. The shaft is relatively wider transversely 
in Smilodon than in Felis. The ridge for attachment of the interosseous membrane 
is not so sharply emarginate in the sabre-tooth as in the latter. The distal end is not 
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so long in anteroposterior diameter as that of F. atrowv, but the transverse diameter 
is greater in Smilodon. The articulating surface for the astragalus is convex. The 
external malleolus is large and prominent. 


ra. 102—Smilodon californicus Bovard. Right astragalus, No. 
2030-R-1. A, posterior view; B, caleaneal view; C, tibial view; 
D, distal view; X 2/3. Facets for tibia (7), fibula (fF), 
navicular (Na), and caleaneum (Cat, Ca*, Ca*). Rancho a 
Brea Pleistocene. 


Taste 71—Measurements (in millimeters) of fibula of Smilodon 


2011—/2011—|2011-)2011—/2011—|2011-)2011—/2011—|2011-)2011— 
R-1 | R-2 | R-3 | R-4 | R-5 | R-6 | R-7 | R-8 | R-9 | R-10) 


“I | 
1s) 
Oo 
“I 


Greatest eng. unease 265 |284.7|271 |258.8 |250.3 |24 232 1223.4 |212.7 
Greatest anteroposterior diame- 

ter of proximal end..........]| 39.2} 45.9} 43.4] 40.1} 40.3] 41 35.6| 37.9| 36.8] 32.5 
Greatest anteroposterior diame- 

termoladistaluendepe eee eee 25S) | 22064) (2428): 26.7| 25.6| 24.3) 23.5) 24.8] 17.2 
Greatest transverse diameter of 

Gistaltendthe-e as eee DO) c00 6 33.4] 28.6] 34 32.2) 29.3) 27.4] 30.5] 24.4 
Anteroposterior diameter of 

Sanity Ens WUCCNS..cccccccvcec MOS |) WLS) |) wot) Oh )) Tle} as Oe O41) MOF ]] Oy 
Transverse diameter of shaft at 

Mid Glens seer eee L83 |} 1183355 ]] 1G NG¥83)) WA |) Wake) |) USK |} Ol 9.4 


a, Approximate. 


Measurements, in millimeters, of fibula of Felis atrox, No. 2909-R-1, are as 
follows: greatest length, 369; long diameter of proximal end, 35.4; diameter of 
proximal end taken normal to long diameter, 22.1; greatest width of shaft at middle, 
16.1; greatest thickness of shaft at middle, 10.9; long diameter of distal end, 39.4; 
diameter of distal end taken normal to long diameter, 21. 
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ASTRAGALUS 


The trochlear surface of the astragalus is relatively broad and less deeply grooved 
in Smilodon than in the large extinct Felis. The articulating surface for the 
fibula may be deeply excavated. The neck is not so long as in F. atrow, although 
short-necked and relatively long-necked astragali of the sabre-tooth occur in the 
collections from Rancho La Brea (see fig. 104A, B). 


BAN 
AYN 
‘adn 


Nh 


K SSS See 
SS 


Fig. 103—Felis atrov Leidy. Right astragalus, No. 2928-R-1. <A, B, C, D, 
same views as in figure 102; x 2/3. Rancho La Brea Pleistocene. 


An astragalar foramen is frequently present in Smilodon (fig. 104C). This 
opening is absent in the astragalus of Felis atrox. The foramen varies considerably 
in size. In a series of 368 specimens, the following variations were noted: 


11 specimens with foramen varying in diameter from approximately 6 mm. to 
8 mm. 

52 specimens with foramen varying in diameter from 4.2 mm. to 5.8 mm. 

123 specimens with foramen varying in diameter from 1 mm. to 3.7 mm. 

138 specimens show a single opening in the dorsal or tibial face and several small 
foramina on the calcaneal or plantar face. 

44 specimens with no dorsal foramen but with several small foramina visible on 
the plantar side. 


The head articulating with the navicular (fig. 102D, Na) is flattened and less 
hemispherical in shape than that of F'. atrow. The inner calcaneal facet, Ca’, is con- 
cave and broadly connected distally with the third surface (Ca’) of articulation 
with the caleaneum. Facets Ca’ and Ca’ are as a rule separate and distinct articu- 
lating surfaces in F’. atrox and in the Recent cats, F'. leo and F. tigris. The groove 
for the interosseous ligament is long. 
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Fre. 104—Smilodon californicus Bovard. Right astragali; x 2/3. A and B, tibial views of 
long-necked and short-necked specimens, Nos. 2030-R-2, 2030-R-5; C, posterior view 
showing presence of large astragalar foramen, No. 2030-R-2. Rancho La Brea Pleis- 
tocene. 


Taste 72—Measurements (in millimeters) of astragalus 


Smilodon californicus* Felis atrox 


2030—|2030—|2030-|2030—/2928—|2928—|2928—|2928—|2928—|2928—|2928—|2928—|2928—|2928 
R-1 | R-2 | R-3 | R-4 |} R-1 | R-2 | R-3 | R-4 | R-5 | R-6 | R-7 | R-8 | R-9 | R-10 


Greatest length. .| 61.2 | 59.4 
Greatest width. .| 61.2 
Least distance 
across neck....| 29.5 | 27.7 | 27.1 | 23.3 | 35.4 | 31.9 | 33.7 | 33.8 | 32 31.9 | 30.6 | 29.3 | 26.3 | 27.8 
Greatest diame- 
ter of head....| 35.1 | 36.2 | 32.8 | 29 43 40.7 | 41.7 | 41.5 | 40.1 | 40.4 | 38.6 | 38.6 | 35.1 | 36.4 


2.8 | 44.6 | 74.1 | 71.7 | 70 69.6 | 68 69.6 | 64 66.7 | 58.7 | 61.8 
4 | 46 66 63.2 | 63.5 | 62 61.3 | 60 57 58 53.8 | 51.8 


* Selected from a series of 838 individuals. 


CALCANEUM 


The tuber calcis is long and heavy and the astragalar facets are situated rela- 
tively close to the cuboid border (fig. 105A). The two astragalar facets of the inner 
side (As’ and As’) are broadly connected, not separate as in Felis atrow. The inner 
process supporting the second or sustentacular facet (As’) is relatively smaller 
than in the great lion-like cat. The large outer facet (As‘) for the astragalus 
does not apparently encroach upon the surface of the tuber calcis so far as in F. 
atrow. This facet is broad. Distad to facet As’ the outer portion of the caleaneum 
of Smilodon is more tuberous than that in the large true felines of the Pleistocene 
and Recent. 

The articulating facet for the cuboid (Cw) differs in shape from that of F’. atrow 
and may be distinctly concave. It is flanked on the inner side by a small concave 
surface (Na) for the navicular. This facet is absent in the true cats. 


ENTOCUNEIFORM 


The entocuneiform of Smilodon is a small and thickened element noticeably 
different in shape from the corresponding bone in Felis atrox (compare figures 107 
and 108). The entocuneiform is triangular in cross-section, with the base of the 
triangle facing the mesocuneiform. At the proximal end a rounded tuberosity pro- 
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Fie. 105—Smilodon californicus Bovard. 
Right caleaneum, No. 2031-R-1. A, 
astragalar view; B, distal view: 
x 273. Facets for astragalus (As?, 
As*, As*), navicular (Na), and eu- 
boid (Ou). Rancho La Brea Pleis- 


tocene. 


Fie. 106—Felis atrox Leidy. Right cal- 
caneum, No. 2929-R-1. <A, B, same 
views as in figure 105; & 2/3. Ran- 
cho La Brea Pleistocene. 


jects upward and inward. The facet for the navicular (Na) may be broad and 
shallow, and it differs in shape from that in F. atrow. It varies considerably in size 
and in shape. The facet for the mesocuneiform (Mc) is relatively large and in a 
number of specimens from Rancho La Brea is convex in its dorsoplantar extent. 
This surface, however, may be flattened or even concave. The distal surface for 
the metatarsal is flattened or slightly concave and is rudely triangular in outline. 
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Taste 73—Measurements (in millimeters) of calcaneum 


Smilodon 


A 5 Felis atrox 
californicus* 


2031—/2031—|2031—|2929—|2929—|2929—|2929—|2929—|2929—|2929—|2929—|2929—|2929 
R-1 | R-2 | R-3 | R-1 | R-2 | R-3 | R-4 | R-5 | R-6 | R-7 | R-8 | R-9 | R-10 


Greatest length........... 106.8 | 96.7| 79.4|142 |140.3 |140.5 |137.7 |131.5 |131.5|125 |118 /117.8|109 
Greatest width measured 
across astragalar facets 
INS! ExG| INES 0000000000 50.8 | 45.5} 40.4| 56 55.2 | 53.2) 54 50.9} 52.4] 45.9] 47 47.9| 41.5 
Greatest width across 
cuboid surface measured 
from astragalar facet As* 
to outer sidef.......... 44.2) 39.8| 32.7] 37.8| 34.3] 35.2] 34.4] 33.3] 34.1] 30.2) 30 29.3 | 26 
Greatest width of outer 
face measured normal 
to plantar border and 
to edge of outer astraga- 
Laritacete- ammenities 48.9} 40.3} 36.3] 59 60.3 | 58.5| 56.4) 56.4] 54.3} 51.5] 49.2] 47.4] 46.5 


* Selected from a series of 841 individuals. 
+ This measurement in Smilodon is taken from the inner border of the navicular facet (Na) to the outer side 


Fie. 107—Smilodon californicus Bovard. Fig. 108—Felis atror Leidy. Right ento- 
Right entocuneiform, No. 2032-R-2. cuneiform, No. 2930-R-1. A, dorso- 
A, proximal view; B, outer view; C, internal and proximal views; B, 
dorsal view; D, distal view; X 2/3. plantar-external and distal views; 
Facets for navicular (Na), meso- xX 2/3. Facets as in figure 107. 
cuneiform (Je), and metatarsal I Rancho La Brea Pleistocene. 


Mtl). Rancho La Brea Pleistocene. 


Fig. 109—Smilodon californicus Bovard. Fused right entocunei- 
form and metatarsal I, No. 2032-R-4. A, dorsal view; B, 
outer view; < 2/3. Facets for navicular (Na) and meso- 
cuneiform (Me). Rancho La Brea Pleistocene. 


In a series of 43 specimens of the right entocuneiform of Smilodon californicus, 
13 showed fusion with the rudimentary metatarsal I and one showed fusion with 
the mesocuneiform. 


Fie. 
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MESOCUNEIFORM 


The mesocuneiform of the sabre-tooth is quite dissimilar in shape from that of 
Felis atrox (compare figures 110 and 111). This element is slightly sinuous in 
its dorsoplantar extent. The proximal articulating surface for the navicular (Na) 
is more deeply concave than in Felis. The outer side is decidedly narrower in 
proximo-distal direction than in the latter type. At the proximo-plantar side of 


Taste 74—Measurements (in millimeters) of entocuneiform 


Smilodon 


ealifornicus* Felis atrox 


2032-|2032—|2032—|2930—|2930-|2930 
R-1 | R-2 | R-3 | R-1 | R-2 | R-3 


Greatest proximo-distal diameter.| 23.9 | 22.4 | 21 26.6 | 23.6 | 24.2 
Greatesthwid theremerernneerininc: 14.5 | 17.9 | 13.4 | 21.9 | 20.1 | 19.7 
Greatest thickness of proximalend|.....].....]..... 12.3 | 11 12.4 


* Selected from a series of 57 individuals. 


the inner surface of the mesocuneiform is a concave facet for the entocuneiform 
(Hn). This facet is generally distinctly larger than in the true cat. The position of 
the articulation is also somewhat different from that in F. atrow, in which form the 
facet is situated on the plantar surface. 

On the latter surface in Smilodon is a small facet, which at first sight appears to 
be comparable to the facet having this position on the mesocuneiform of Felis atrox 


110—Smilodon californicus Bovard. Right mesocunei- Fig. 111—Felis atror Leidy. Right mesocuneiform, No. 
form, No. 2033-R-2. <A, posterior view; B, distal view; 2931-R-1. A, B, C, D, E, same views as in figure 110; 
C, proximal view; D, inner view; E, outer view; xX x 2/3. Facets for entocuneiform (Hn), navicular 
2/3. Facets for entocuneiform (Hn), navicular (Na), (Na), ectocuneiform (Hc), and metatarsal II 
and metatarsal II (/tIT). Rancho La Brea Pleistocene. (MtIT). Rancho La Brea Pleistocene. 


(Hn). But in thelatter the facet clearly articulates with the entocuneiform which 
swings around to the plantar side of the mesocuneiform. This quite clearly is not 
the case in Smilodon. Possibly the facet articulates with a nodular rudiment. It 
is rarely present in the sabre-tooth, for in a series of 34 specimens representing the 
right mesocuneiform the element figured is the single example showing the facet. 

In No. 2033-R-5 (fig. 118) the mesocuneiform has fused in part with the 
navicular. One specimen is also available in which the mesocuneiform has fused with 
the entocuneiform. 
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ECTOCUNEIFORM 


The ectocuneiform is distinctly more compressed in proximo-distal direction 
than that of the Pleistocene and Recent true cats. The plantar projection with 
groove for the tendon of the peroneus longus muscle is more hook-like and less tuber- 
ous than in F.. atrox of the asphalt. This envelops a deeper and broader groove 
for the tendon than is found in the ectocuneiform of either the extinct true cat or 
the living large cats. Occasionally the hook is absent in the sabre-tooth, the process 
being truncated as seen in specimen No. 2034-R-5 (fig. 112, F and G). When this 


Taste 75—Measurements (in millimeters) of mesocuneiform 


Smilodon ecalifornicus* Felis atrox 


2033-—|2033—|2033—|2033—|2931—|2931—|2931—)2931 
R-1 | R-2 | R-3 | R-4 | R-1 | L-1]} L-2] L-3 


Greatest long diameter as measured 
along outer surface 


MA ACIORO DIO OIorcnS 28. 25.1 | 25.6 | 21.2 | 25.8 | 29.3 | 28.2 | 25.3 
Greatest proximodistal diameter... .| 12.9 | 13.2 | 11.9 | 10.9 | 15.7 | 17.5 | 15.3 | 17.9 
Width of articulating surface for 
metatarsal feeereeehe rant 14.2 | 11.7 | 13.7 9.6 | 15 ELS} |) ase |} az! 


* Selected from a series of 35 individuals. 


Fic. 112—Smilodon californicus Bovard. Right ectocuneiform, Nos. 2034-R-2, 2034-R-5. <A 
B, proximal view; C, internal view; D, external view; E, 
view; X 2/3. Facets for navicular (Na), cuboid (Cw), metatarsal II (MWtI7I), metatarsal IIT (tI). 
Rancho La Brea Pleistocene. 


, distal view; 
dorsal view; F, proximal view; G, internal 
lorsal view; E : 


occurs the truncated end bears a small facet which articulated apparently with a 
nodule of bone. Specimens also have been noted in which the truncated process has 
a surface like that of the process when normally developed. 

In a series of 120 specimens of the ectocuneiform, 85 possess a well-developed 
posterior process while 35 show this structure completely reduced. 

The facet articulating with the navicular (Na) tapers to the plantar side and 
extends relatively farther in this direction than in the Pleistocene Felis. The 
opposite facet for the third metatarsal resembles in outline that of the true cats. 
The plantar projection of this surface is, however, relatively small. Viewed from 
the inner side, the plantar facet for the second metatarsal extends farther proxi- 
mally from the distal border in the sabre-tooth than in F’. leo, F. tigris and F. atrox, 
and encroaches upon the lower surface of the plantar process. On the outer surface 
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the facet for the cuboid may extend along the proximal border or may reach distally 
along the dorsal border. 


Fig. 113—Felis atror Leidy. Right ectocuneiform, No. 2932-R-1. A, B, C, D, E, same 
views as in figure 112, A-E; x 2/3. Facets for mesocuneiform 
(Na). cuboid (Ou), metatarsal II (MtIT), metatarsal III (MtIII), and metatarsal 
IV (MtIV). Rancho La Brea Pleistocene. 


(Me), navicular 


TasBLE 76—Measurements (in millimeters) of ectocuneiform 


Smilodon californicus* Felis atrox 


2034—|2034—|2034—|2034—|2932—|2932—|2932—|2932 
R-1 | R-2 | R-3 | R-4 | R-1 | R-2 | R-3 | R-4 


Greatest dorsoplantar length........ 48.9 | 43.9 | 40.8 | 33.1 | 55.2 | 51.8 | 48 43.8 
Greatest proximodistal diameter... .| 15.7 | 15.8 | 19.1 | 12.8 | 28.2 | 26.4 | 23 Zou 
Greatest width across metatarsal ar- 

ticulationye Ares o> aoe 26.6 | 29.7 | 26.7 | 22 33.8 | 31.2 | 29.2 | 25 


* Selected from a series of 298 individuals. 


CUBOID 


In the cuboid of Smilodon, the facet for the navicular (Na) is situated at the 
dorsoplantar corner of the inner surface. The narrow, elongate facet for the ecto- 
cuneiform (Hc) is situated relatively farther toward the distal border of the inner 


Taste 77—Measurements (in millimeters) of cuboid 


Smilodon californicus* Felis atrox 
2035-—|2035-—|2035—|2035—|2933—|2933-|2933—|2933 
R-1 | R-2 | R-3 | R-4 | R-1 | R-2 | R-3 | R-4 
Greatest proximodistal diameter. ....| 31.4 | 29.5 | 27.4 | 25 38.5 | 37.3 | 34.5 | 32.9 
Greatest transverse diameter........ 31-4 | 33:6 || 32:5 |) 24-7 | 39:3) | 39°23) | 3323) || 38357 
Greatest dorsoplantar length........ IOV 83 Il B/ae/ || GYD || 7s |) ZR || B93 |) Hs |] SBLO 


* Selected from a series of 475 individuals. 


surface in Smilodon than in F.. atrow. On the distal face of the cuboid the facet 
for metatarsal IV is smaller and that for metatarsal V is larger than in the Pleis- 
tocene F’. atrox or Recent F’. leo and F. tigvis. The tuberosity on the plantar surface 
is situated relatively farther distally in the cuboid of the sabre-tooth than in that 


COMPARATIVE STUDY OF VERTEBRAL COLUMN AND LIMBS 149 


= 4 


i iil yi ' ‘At 
oe 
LLL 


E 
Fig. 114—Smilodon californicus Bovard. Right Fie. 115—Felis atror Leidy. Right cuboid, No. 2933- 
cuboid, No. 2035-R-3. A, proximal view; A, B, C, D, E, same views as in figure 114; x 


B, dorsal view; C, distal view; D, inner Rancho La Brea Pleistocene. 
view; H, plantar view; X 2/3. Facets for 

caleaneum (Ca), navicular (Na), ectocunei- 

form (He), metatarsal IV (MtIV), and 

metatarsal V (MtV). Rancho La Brea 

Pleistocene. 


R-l. 
2/3. 


rig. 116—Smilodon californicus Bovard. Right navicular, Fire. 117—Felis atror Leidy. Right navicular, No. 2934-R-1. 
No. 2036-R-1. A, proximal view; B, distal view; C, A. B, C, same views as in figure 116; x 2/3. Rancho 
external view; xX 2/3. Facets for astragalus (As), La Brea Pleistocene. 
ectocuneiform (Hc), mesocuneiform (Me), entocunei- 
form (Hn), caleaneum (Ca), and cuboid (Cw). 

Rancho La Brea Pleistocene. 
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of the Pleistocene Felis, and it projects farther in the former than in the latter. 
The tuberosity is more fully developed toward the inner side in Smilodon than in 
F.. atrox. The groove for the peroneus longus muscle, while well defined and broad, 
is apparently not so deep as in the latter type. 


NAVICULAR 


The navicular of Smilodon lacks a well-developed plantar-proximal tuberosity, 
thus differing distinctly from that of Felis atrox and of the modern cats (compare 
figures 116 and 117). While the astrag- 
alar surface is perhaps more deeply 
excavated in the sabre-tooth, the plantar 
portion of the surface is not carried so 
far proximally in this form as in the 
Pleistocene true cat because of the ab- 
sence of the tuberosity. On the outer 
side of the navicular there is frequently 
to be seen a facet for the caleaneum 
(Ca). Occasionally specimens of the 
sabre-tooth are found in which the facet 
is absent. It is always absent in F. 
atrox of the asphalt and in the living 


Fig. 118—Smilodon californicus Bovard. Fused cats, PF’. leo and Pr. tagris. 
navicular and mesocuneiform, No. 2033-R-5. A, The outlines of the facets for the 
proximal view; B, distal view; C, external ° ° pes ° 
view; X 2/3. Facets for astragalus (As), cuneiform bones in Smilodon differ from 
entocuneiform (Hn), metatarsal II (Mtl), those seen 1n [Bt atrox. To the plantar 
tocuneifor Ec), and cuboid (Cu), Rancl : : : 
Foe ae Gee ume Gi ea een side of these articulating surfaces the 


rugose area for the interosseous liga- 

ment is not so extensive in the sabre- 
tooth as in the true cats. The plantar surface is, however, more extensive in 
proximo-distal direction in the former than in the latter. 


TasBLe 78—Measurements (in millimeters) of navicular 


Smilodon 


: : Felis atrox 
californicus* : 


2036—|2036—|2036—|2934—|2934—|2934—|2934—/2934—|2934—|2934—|2934—|2934—|2934 
R-1 | R-2 | R-3 | R-1 | R-2 | R-3 | R-4 | R-5 | R-6 | R-7 | R-8 | R-9 | R-10 


to 


Dorsoplantar 


lenetheeeenere 48 43.5 | 37 52.5 | 52.7 | 50.8 | 47.6 | 50.8 | 46.8 | 49.6 | 44.9 | 43.7 | 43 
Transverse di- 
ameter... =... 37.4 | 34.1 | 28.5 | 38.2 | 39.6 | 39.7 | 39.5 | 38.8 | 33.9 | 37.3 | 34.6 | 32.6 | 33.7 


* Selected from a series of 496 individuals. 


Specimen No. 2033-R-5 represents a coossification of the navicular and 
mesocuneiform. 
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Differences between Maximum and Minimum Lengths 


> SSS 


& SSS 


Fig. 119—Diagram showing comparative maximum and minimum lengths of metatarsals 


and differences between maximum and minimum lengths of these elements in Felis 


atrox Leidy and Smilodon californicus Bovard from Rancho La Brea. 
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METATARSAL SERIES 


The diagram (fig. 119) illustrates graphically the comparative lengths of the 
four metatarsals in Smilodon californicus and in Felis atrox for specimens of maxi- 
mum and minimum size in series of adult individuals from Rancho La Brea. The 
differences in length between longest and shortest specimens of comparable metatar- 
sals in each type of cat are also expressed, furnishing information as to the extent 
of variation in this particular character in the sabre-tooth and in F. atvoxv. As in the 
metacarpal series, it should be recalled that the differences are not based on series of 
comparable size, since the sabre-tooth cat is much better represented in the Rancho 
La Brea fauna than is F’. atrow. 


Fie. 120—Smilodon  californicus Fig. 121—Felis atror Leidy. Right 
Bovard. Right rudimentary rudimentary metatarsal I, No. 
metatarsal I, No. 2018-R-1. A, 2916-R-1. A, B, C, same views 
proximal view; 3B, dorsal as in figure 120; x 2/3. Ran- 
view; C, inner view; X 2/3. cho La Brea Pleistocene. 
Facet for entocuneiform (Hn). 

Rancho La Brea Pleistocene. 


Metatarsals III and IV appear to approach each other more closely in length in 
the sabre-tooth than in F. atrow. 

The metatarsals of Smilodon are decidedly shorter than those of F. atrowx, this 
difference being much greater than the comparable difference between the meta- 
carpals of the two types (compare fig. 88, p. 125). 

The metatarsals in articulation give a width to this region of the paw which 
does not differ noticeably from that in F’. atrow. The difference here is less than that 
seen in the metacarpal series. On the other hand, the entire series of hind meta- 
podials emphasizes again the extreme shortening which characterizes this region 
in Smilodon. 

RUDIMENTARY METATARSAL I 


It is interesting to note that the inner or first metatarsal of Smilodon exhibits 
the same amount of reduction seen in the extinct Felis atrvow and in the living large 
eats. The rudiment which remains is approximately half the size of the comparable 
element in the extinct true cat (compare figures 120 and 121). Viewed from the 
plantar side, this element is seen to be thicker than that of F. atrow. When articu- 
lated or fused with the entocuneiform, the rudimentary metatarsal is directed away 
from and forms a distinct angle with the principal axis of the tarsal bone (see 
‘ner, W243) 
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Metatarsal I is frequently fused with the entocuneiform, less often with meta- 
tarsal II. 


Tasty 79—Measurements (in millimeters) of rudimentary metatarsal I 


Smilodon 


: 3 Felis atrox 
ealifornicus 


2018-|2018—|2018—/2916—|2916—|2916 
R-1 | R-2 | R-3 | R-1 | R-2 | R-3 


Greatest length.............:.. 22:8) |) 2225) |) 2163) 31-5) | 31-4 | 275 
Greatest dorso-plantar diameter. .| 13.4 | 13.7 | 12.5 | 18.1 | 17 INZ/f55 
Greatest width of proximal end..| 14.4 | 14.8 | 14.3 | 15.7 | 15.1 | 12.7 


METATARSAL II 


In the second metapodial of the pes, the proximal facet for the mesocuneiform 
extends relatively not so far back as in Felis atrox. It is also a narrower facet in 
Smilodon. The external facets articulating with the ectocuneiform frequently ex- 


tend to the proximal end of the element in the sabre-tooth, while in F. atrvow this 
is often not the case. 


Tas_e 80—Measurements (in millimeters) of metatarsal II of Smilodon californicus 


Right* Leftf 


2019—|2019—|2019—|2019—|2019—|2019 
R-1 | R-2 | R-3 | L-1.| L-2 | L-3 


Max. Min.| Mac. Min. 
Greatestilen othr mrerrer ier tcrssirisersrecs sit beie ic jo cic ovetiatiesuenatnensle 95.4] 83.7] 73.7] 96.5] 84.6] 74.1 
Greatest dorsoventral diameter of proximal end............... 29.4) 31 26.2) 31.7] 28.9) 26.6 
Greatest transverse diameter of proximal end................. 16.7| 16.4) 14.6] 17 15.6| 14.8 
Transverse diameter at middle of shaft....................... 13.8] 14.8] 13.2] 16 13.1] 13.4 
Dorsoventral diameter at middle of shaft..................... 15.8] 15 15 15 14.6| 15 
Greatest transverse diameter at distal end of shaft 22 22 20.3] 23.7) 19.9} 20.5 


* Based on a series of 716 specimens. + Based on a series of 699 specimens. 


A second metatarsal of Smilodontopsis conardi from the Pleistocene of Conard 
Fissure, Nebraska, agrees in size and in structure with the corresponding meta- 
podial situated near the mean of the series from Rancho La Brea. 

A cast of metatarsal II of Smilodon neogeus, No. 11101 Amer. Mus. Nat. Hist. 
Coll., represents an element slightly shorter but stouter than the largest second meta- 
tarsal of S. californicus in the series from the asphalt deposits. 

In a series of approximately 600 specimens of the second metatarsal of the left 
side, seven showed fusion with the rudimentary metatarsal I. 
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Fie. 122—Smilodon  californicus 
Bovard. Right metatarsal II, 
No. 2019-R-1. A, dorsal view 
with view of proximal end; 
B, outer view; X 2/3. Ran- 
cho La Brea Pleistocene. 


RANCHO LA BREA 


Ol 


ay sailld 
Ye ayy | 
\, “in hy 


(i we 
Vi wet Ha} Uni 
i Aue 

meh 


Fie. 123—Felis atror Leidy. Right 
metatarsal II, No. 2917-R-1. A, 
B, same views as in figure 122; 
< 2/3. Rancho La Brea Pleisto- 


cene. 


Taste 81—Measurements (in millimeters) of metatarsal II of Felis atrox 


Greatéstilena thee. pence nnn eee 


Greatest dorsoventral diameter of proximal end, 
measured across outer face 


Greatest transverse diameter of proximal end..... 
Transverse diameter at middle of shaft....................... 


Right* Leftt 
2917-|2917-|2917-|2917-|2917-|2917 
eT (iH || TRB | wet | Ww | ww 
Maz. Min.| Max Min 
mete da Ne a 148.5 |134.9 1119.7 |147.6 |135.3 |120.3 
weeccneoosssll 8 || SRS! 20S] Sell 443!) Gas 
i dig te Ogi 22 | 20 | 18.4| 21.8] 19 | 18.8 

19.4| 15.6] 16.2| 18.8] 16.3| 15.7 
eerie 21 | 18.8| 15.9] 19.3] 20.1| 17.4 
oncom thea 27.9| 25 | 23.7| 27.8| 25.1| 23.6 


* Based on a series of 36 specimens. 


+ Based on a series of 33 specimens. 
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METATARSAL III 


As indicated by the measurements, the largest specimen of this element of 
Smilodon recorded from Rancho La Brea (a series representing more than 600 
individuals) is shorter than that of the smallest adult of Felis atrox (more than 30 
individuals). It is, however, relatively stouter, although the distal portion of the 
shaft is thinner dorsoventrally than in the corresponding element of F. atrov. The 
shaft proximal to the middle differs from that of F’. atrox in being less cylindrical 
and rudely triangular in cross-section. This character of shaft usually permits 
the medullary foramen to be seen in ventral view, whereas in F’. atrvow the foramen 
is usually hidden in this aspect and can be seen best when the metapodial is viewed 
from the inner side. The rugose tendinal area on the ventral side below the proximal 
end appears to be more conspicuous in the sabre-tooth and often extends farther down 
the shaft than in Felis. When viewed 
from the side, the shaft is seen to be 
slightly more curved in Smilodon than in 
F. atrox. The ventral arm of the hammer- 
shaped facet for the ectocuneiform is 
shorter. In the sabre-tooth the proximal 
end of metatarsal III exhibits a greater 
extent of bone lying ventral to this facet 
than in F. atrox. Frequently the dorsal 
facet for articulation with metatarsal IV 
reaches back to the proximal end of the 
element, and the ventral facet, also for the 
fourth metatarsal, does not reach the 
proximal end. In F. atrow the situation is 
reversed for these two surfaces. The 
border of the median ventral keel of the 
distal articulation, when viewed from the 
side, is quite straight. In F. atrow the keel 
usually curves dorsally and the border is 


convex. 

Fic. 124—Smilodon californicus Bovard. Specimen The third metatarsal of Smilodon 
showing fusion of right metatarsal II and rudi- neogxus No. 11101 Amer. Mus. Nat 
ment of first metatarsal. A, dorsal and proxi- i y i A ; as 
mal views; B, inner view; No. 2019-R-4; x Hist. Coll., as represented by 5) CAS, IS 
UjfS- emdne Wee 1beee, Iileistiereane, decidedly larger than the corresponding 


element of the Californian species selected 
from near the mean of the series recorded 
from Rancho La Brea. No. 11101 is not so long as the third metatarsal of maxi- 
mum size from the asphalt, but is stouter. 
, In summary, metatarsal III of Smilodon differs from that of Felis atrox, as 
ollows: 


1. Shaft shorter and slightly more curved. 

2. Distal portion of shaft thinner dorsoventrally. 

3. Ventral arm of hammer-shaped facet for ectocuneiform shorter. 

4. Dorsal facet articulating with metatarsal IV reaches back to proximal end; 
ventral facet articulating with metatarsal IV does not reach proximal end. 


156 


THE FELIDAY OF RANCHO LA BREA 


Fig. 


125—Smilodon 


californicus 
Bovard. Right metatarsal 
III, No. 2020-R-I. <A, dorsal 
view with view of proximal 
end; B> outer view; xX 2/3. 
Rancho La Brea Pleistocene. 


Fig. 126—Felis atror Leidy. 


tarsal III, No. 2918-R 
views as in figure 


-l. 
125; 


Right meta- 
A, B, same 


D/A 


Rancho La Brea Pleistocene. 


Taste 82—Measurements (in millimeters) of metatarsal IIT of Smilodon californicus 


Right* Leftt 

2020-—|2020—|2020—|2020—|2020—|2020-— 

R-1 | R-2 | R-3 | L-1 | L-2 | L-3 

Max. Min.| Max. Min 

Greatéstilene thers io-cr ree oe Oe Ee CE Oe 111.5] 98.9] 85.5|112.6| 98.8] 85.6 
Greatest transverse diameter of proximal end................. 27.1] 24.9] 25.8] 27 27.4] 25.6 
Greatest dorsoventral diameter of proximal end.............. 36.2} 29.8] 28.8] 36.4] 32.2| 29.7 
Transverse diameter at middle of shaft..................:.... 17.9} 17.3} 17.7] 18.2} 18 15.8 
Dorsoventral diameter at middle of shaft..................... 16.3) 15.7} 15.1] 16.4] 15.7) 12.8 
Greatest transverse diameter at distal end of shaft............. 26.4] 23.5] 23.8] 26.7) 25 22.7 


* Based on a series of 766 specimens. 


+ Based on a series of 798 specimens. 
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Taste 88—Measurements (in millimeters) of metatarsal III of Felis atroz 


Right* Left} 

2918—|2918—|2918—|2918—|2918—/2918 

R-1 | R-2 |} R-3 | L-1 | L-2 | L-3 
Max. Min.| Maz. Min. 

Greatestslengat heme srtrwe yy eee yey ieee.) Aeheks Gets oy Tells siang/eleasee 161 141.3 |131.2 |163.4 |147.3 |132.3 
Greatest transverse diameter of proximal end................. 33.2| 30.1] 26.9) 34.2} 30.1} 28.2 
Greatest dorsoventral diameter of proximal end.............. 43 38.6] 35.1] 42.7] 39.2] 36.4 
Transverse diameter at middle of shaft....................... 23.3) 20.4] 19.38] 23.4) 20.5] 20.3 
Dorsoventral diameter at middle of shaft..................... 20.5] 17.4] 16.8] 20 18.5} 18.4 
Greatest transverse diameter at distal end of shaft............. 29.7| 25.5] 24.3] 30 26.8 | 24.9 
* Based on a series of 33 specimens. + Based on a series of 37 specimens. 


METATARSAL IV 


The shaft is sightly more curved in the lower portion than that in metatarsal 
IV of Felis atrox. When the dorsal face of the proximal third of the metapodial is 
held in horizontal position the lower third of the element is directed noticeably less 
inward than in the Pleistocene true cat (compare figures 127 and 128). The more 
forwardly directed surface for the first phalanx reflects perhaps a greater spread 
of the toes with an increase in clawing power than in F. atrox. The medullary 
foramen is frequently on the ventral side of the proximal third of the shaft, while in 
F. atrox this foramen is often seen when the metatarsal is viewed from the 
inner side. The proximal articulating surface for the cuboid is relatively 
and absolutely less extensive than in the latter. This facet is narrower posteriorly 
and is more strongly convex in Smilodon than in F. atrox. In the sabre-tooth the 
ventral tuberosity extends a considerable distance behind the ventral margin of the 
cuboid facet. The dorsal facet articulating with metatarsal V may be a simple oval 
or elliptical surface, while the ventral facet is frequently set off from the base of the 
ventral tuberosity and rests on a distinct pedicel. On the inner side of the proximal 
end the ventral facet for metatarsal III is situated relatively farther distally with 
reference to the dorsal facet than that of the large extinct Felis. 


Taste 84—Measurements (in millimeters) of metatarsal IV of Smilodon californicus 


Right* Leftt 
2021—|2021—|2021-|2021—|2021—/2021 
R-1 | R-2 | R-3 | L-1 | L-2 | L-38 
Max. Min.| Maz. Min. 
Greatestileng thmaepeien eset yee Eni ey ices 2G 113.3] 98.9] 84.6]113.8| 99.1] 83.6 
Greatest transverse diameter of proximal end................. 18.6] 17.5] 16.38] 19.9} 16.5] 16.1 
Greatest dorsoventral diameter of proximalend ............... 30.9} 26.3] 25.8] 30 26.4] 25.8 
Transverse diameter at middle of shaft.......................| 16 15.1} 13 17 16.3] 13.4 
Dorsoventral diameter at middle of shaft.....................| 17 14.6} 13.8} 14.9} 138.4} 138 
Greatest transverse diameter at distal end of shaft ............ 25.2] 21.9] 19 22°3)|| 22 18.5 


* Based on a series of 748 specimens. + Based on a series of 462 specimens. 
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TaBLE 85—Measurements (in millimeters) of metatarsal IV of Felis atrox 


Right* Left 

2919-—|2919-|2919—|2919—|2919—|2919. 

R-1 | R-2 | R-3 | L-1 | L-2 | L-3 
Max. Min.| Maz. Min. 

Gréatestilenathitisis-4e saci wor ame eiteneterar kava Se Asana aap kes RoR 167.3 |154.3 |135.8 |166.9 |152.1 |135.1 
Greatest transverse diameter of proximal end................. 23 22.9] 18.7] 25.8] 22.9] 20.6 
Greatest dorsoventral diameter of proximal end............... 35 34 28.7| 33.4] 32.4] 28.8 
iransverserdiameterat mid dlejofeshatteens series 19.7] 17.8] 17 20.4] 19.2] 17.4 
Dorsoventral diameter at middle of shaft..................... 21.6] 20:3] 17.2) 21.3] 19:5] 18.8 
Greatest transverse diameter at distal end of shaft............. {3 |) Dsl || BA! Boo || Berit || Mile 
* Based on a series of 30 specimens. + Based on a series of 35 specimens. 


Fic. 127—Smilodon californicus Bovard. Right meta- Fic. 128—Felis atrox Leidy. Right metatarsal IV, No. 2919-R-l. <A, 


tarsal IV, No. 2021-R-1. A, dorsal view with view 
of proximal end; B, outer view; C, inner view; xX 
2/3. Rancho La Brea Pleistocene. 


B, C, same views as in figure 127; xX 2/3. Rancho La Brea 
Pleistocene. 
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Fig. 129—Smilodon californicus Bo- 


vard. Right metatarsal V, No. 


2022-R-1. <A, dorsai view with 
view of proximal end; B, inner 
view; X 2/3. Rancho La Brea 
Pleistocene 


Fire. 


METATARSAL V 


The fifth metatarsal of Smilodon differs from that of Felis atvox in the follow- 


ing characters: 


1. Stoutness of shaft and proximal extremity. 
2. More angulate cross-section of shaft below proximal extremity. 
3. Presence of well-defined tendinal scar below ventral facet for metatarsal IV. 

This is situated on border separating ventral and inner sides. 


130—Felis atrox Leidy. Right 
metatarsal V, No. 2920-R-1. 
A, B, same views as in figure 
129; x 2/73. Rancho La Brea 
Pleistocene. 
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4. Absence of wing-like proximal process, which in F. atrox extends noticeably 
beyond the articulating surface for cuboid. 
5. Outer posterior surface of proximal extremity frequently notched in middle. 
6. Frequent larger size of facet for cuboid. 
7. Dorsal facet articulating with metatarsal IV relatively smaller and notch between 
this facet and that for cuboid not sharp. 
8. Relatively wider separation of the two facets articulating with metatarsal IV. 
Taste 86—Measurements (in millimeters) of metatarsal V of Smilodon californicus 
5 
Right* Lefty 
2022-—|2022-/2022-—/2022—|2022—/2022 
R-1 | R-2 | R-3 | L-1 | L-2 | L-3 
Mac. Min.| Mac. Min. 
Greatestilen'a thea cance renee ee See nnCe ee nnee 91.9} 80.6} 70.8} 94.8] 84 C23U 
Greatest dorsoventral diameter of proximal end.............. 28.6] 27.2| 24.4] 28.2) 26.6] 24.9 
Transverse diameter at middle of shaft.......................] 18.6] 12 10.5} 13.5} 11.1] 13.8 
Dorsoventral diameter at middle of shaft ....................} 16 16.3 | 12.1] 14.9} 14.7} 13.9 
Greatest transverse diameter at distal end of shaft............. 21.2) 19.3] 17.1] 21.6] 18.5] 19 
* Based on a series of 722 specimens. + Based on a series of 677 specimens. 
Taste 87—Measurements (in millimeters) of metatarsal V of Felis atrox 
Right* Leftt 
2920-|2920—|2920—|2920—|2920-/2920 
R-1 | R-2 | R-38 | L-1 | L-2 | L-3 
Max. Min.| Maz. Min. 
Gréatestileng thei ooo Sa Ce ic eerie eae Ore SAO 155 = |136.6 |125.4 |153.3 |137.1 |123.6 
Greatest dorsoventral diameter of proximal end.............. 27.7 | 22.6) 23.7) 31.6) 24.7 | 23.3 
Transverse diameter at middle of shaft.......................| 14.9] 13.3] 12.1] 16.6] 13.7] 13 
Dorsoventral diameter at middle of shaft.....................] 15 13.3] 12.7] 15.8) 13.7] 13 
Greatest transverse diameter at distal end of shaft............. 23.7) 21.6] 20 25.7| 22.4] 20.2 
* Based on a series of 23 specimens. + Based on a series of 36 specimens. 


PHALANGES 


An extremely large number of phalangeal elements occur in the collection, but 
because of the scattered distribution of this material in the asphaltic mass it has 
been found impossible at present to bring together in their proper position all of 
the segments of the digits belonging to the manus and pes. Moreover, it is not always 
possible, because of range of variation, to distinguish with certainty between the 


sabre-tooth and Felis atrow on the basis of the structural characters of particu- 
lar segments. 
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In general, there is considerable resemblance between the phalanges of Smilodon 
and those of the large true felines. The first and second segments may be shorter 
in the former than in F’. atrox, but there is evidently considerable range in size. In 
the first segment the proximal and distal ends are relatively heavy and the tendonal 
scar on each ventrolateral border of the shaft is well marked. The proximal articu- 
lation may be quite broad in dorsoventral direction, perhaps more so than in F. 
atrox. The distal end may be somewhat more compressed in this direction than in 
the latter. 

In the second phalanx the shaft is short and stout. The transverse axis of the 
proximal extremity is oblique to the fore and aft axis of the segment in Smilodon, 
whereas in Felis atrox these two axes tend to form a right angle (see fig. 131 B and 
C). Because of this difference the lateral projection of the distal extremity appears 
to be more pronounced in the latter species than in the sabre-tooth. The position of 
the distal end with reference to the principal axis of the shaft appears to imply a 
foot with more spreading toes than in the true felines. 
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ic. 131—Smilodon californicus Bovard: A, phalanx I. dorsal view; B, phalanx II, dorsal view; D. EB. F. pha- 
lanx ITT, lateral, anterior and posterior views; x 2/3. Felis atrox Leidy: C, phalanx IT, dorsal view; Xx 2/3. 
Rancho La Brea Pleistocene. 


The ungual phalanges are sturdily built with the bony core of the claw en- 
compassed by a strongly developed hood. Viewed from the side these elements 
have a triangular shape with upper border slightly convex. The posterior face of 
the hood is broad and flattened with a slight indentation of the surface above the 
articulation for the second phalanx. Subungual foramina are present. 


SMILODON CALIFORNICUS BREVIPES, N. VAR 


The presence at Rancho La Brea of a sabre-tooth cat with shortened feet is 
indicated by the occurrence in the Los Angeles Museum collection of several meta- 
podials whose length falls distinctly below the minimum length of the comparable 
elements of Smilodon californicus. Presumably further remains of this type will 
be identified in the collection when segregation of the materials is completed. The 
presence of more than one individual possessing the shortened metapodials is sug- 
gested by the fact that at least four specimens having this character are known, the 
specimens coming from different excavations at Rancho La Brea. Thus the char- 
acters assigned to S. californicus brevipes are apparently not restricted to a single 
type, but are shared by several individuals, although the total number of sabre-tooth 
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Ite. 132—Smilodon californicus brevipes, n. var. Metapodials; x 1. A, B, type specimen, 
metatarsal III, No. 2070-L-1; A, dorsal and distal views; B, outer and proximal views. 
C, D, reterred specimen, metatarsal II and fused rudimentary metatarsal I and 
entocuneiform, No. 2069-R-1; C, dorsal and proximal views; D, outer and distal views. 
ki, F, referred specimen, metacarpal II, No. 2071-L-1; E, dorsal view; F, outer view. 
G, H, referred specimen, metacarpal V, No. 2072-R-1. G, dorsal view; H, inner view. 
Rancho La Brea Pleistocene. 
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cats having the peculiarity of a shortened metapodial region is extremely small in 
contrast to those forms falling within the normal range of variation of Smilodon 
californicus. The specimens belong to adult forms. 

Type specimen—A third metatarsal, No. 2070-L-1, Los Angeles Museum Col- 
lection. Rancho La Brea Pleistocene (figs. 132 A and B). 

Referred specimens—A second and a fifth metacarpal, No. 2071-L-1 and No. 
2072-R-1 respectively, and a second metatarsal, No. 2069-R-1, Los Angeles Museum 
Collection. Rancho La Brea Pleistocene (figs. 132, C to H). 

Given the maximum and minimum lengths of the comparable metapodials in 
Smilodon californicus each as 100, the following values are obtained for the speci- 
mens referred to S. californicus brevipes: 


Max. Min. 
Wiener “lUlstad zaseoobcoodocuLS CoUcotno DEO Ur oD oUnE 63.9 87.9 
Wika) WMesumoneasdono 5 aco cocac co Seo care opis occe 64.9 87.8 
NICE NEL IN Loa pee cided ao obbo Hobo Oana SEs aDlabine coccic 61.8 81 
Wieiauansall INUL (aoe SOGOMNED)) coacccccaccd000000000000 61.8 81.3 


In other words, the type and referred metapodials of this subspecies show ap- 
proximately the same degree of shortening when comparisons are made with the 
corresponding elements, representing the maximum and minimum sizes among 
adult individuals of the typical form, S. californicus. 


TaBLe 88—Measurements (in millimeters) of metapodials 


Metac.} Metac. | Metat. | Metat. 
II Vv II Til 


2071 2072 2069 2070 
L-1 L-1 


R-1 R-1 - 

Greatest length............. 67.2 i) 2) 60.3 69.6 
Greatest transverse diameter 

Ofsproximalyendeesereeeee 17.3 20.4 | al2.2 Q2O 
Greatest dorsoventral diame- 

ter of proximal end........ 245).D) 24.3 23.6 28.3 
Transverse diameter at mid- 

CUS OF HOM cocacccccccocal Mé 14.1 10.6 14.7 


Dorsoventral diameter at 
middle of shaft........... 12.6 11.9 10.7 11.9 
Greatest transverse diameter 
at distal end of shaft......| 19.8 21.7 16.3 18.8 


a, Approximate. 


Metatarsal III (figs. 132 A and B) exhibits for the most part the structural 
features seen in Smilodon. It differs from Felis and resembles the sabre-tooth in 
shape of the proximal end and in outline of articulating surface for the ectocunei- 
form. On the outer side of the proximal extremity the dorsal facet for metatarsal IV 
is separated from the proximal surface by a distinct facet (for cuboid) which is ap- 
parently much better developed in this form than in typical specimens of Smilodon 
from Rancho La Brea. In dorsal view, the shaft does not show the slight widening 
toward the distal end seen in S. californicus. The shape and size of the plantar keel 
of the distal end is more like that in Smilodon than like that in Felis. Aside from 
the shorter length and the structural differences which have been noted the propor- 
tions of this element compare favorably with those of the specimen of minimum size 
belonging to S. californicus (compare measurements) . 
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The second metatarsal (figs. 182 C and D) is fused with the rudiment of the 
first metatarsal to which is also joined the entocuneiform. 

Metacarpal II and metacarpal V, referred to S. californicus brevipes, are shown 
in figures 132 E to H. 

The characters distinguishing the second metacarpal of Smilodon from that of 
Felis are all clearly shown in specimen 2070-L-1. No noticeable differences, aside 
from the shorter length, exist between this specimen and the shortest second meta- 
carpal of the series belonging to Smilodon califorinicus. 

The fifth metacarpal is relatively heavy but resembles S. californicus in those 
characters which distinguish this form from Felis. A distinct tuberosity is present 
on the inner palmar border of the shaft and midway between the proximal and distal 
ends. 


FELIS ATROX LEIDY 


Felis atrox Geidy. Trans. Amer. Philos. Soc. n.s., vol. 10, p. 319, 1853. 

Felis imperialis Leidy. Proc. Acad. Nat. Sci. Phila., p. 259, 1873. 

Felis imperialis, Matthew, W. D. Bull. Amer. Mus. Nat. Hist.. vol. 16, p. 321, 1902. 
Felis sp. indet., Bovard, J. F. Univ. Calif. Pub. Bull. Dept. Geol., vol. 5, p. 163. 1907. 
Felis atroz bebbi Merriam. Univ. Calif. Pub. Bull. Dept. Geol., vol. 5, p. 301. 1909. 

Felis atror, Freudenberg. W. Geol. u. Pale. Abh., n., Bd. 9. p. 31, 1910. 

Felis imperialis, Freudenberg, W. Ibid. p. 33, 1910. 

Felis atrox, Merriam, J. C. Univ. Calif. Pub. Bull. Dept. Geol., vol. 10, pp. 517. 520. 1918. 
Felis atroz, Merriam, J. C., and Stock, C. Science, n. s., vol. 54, p. 567, 1921. 

Neoleon atrox, Kretzoi, N. Mag. Kir. Féldt. Int. Haziny. Budapest. V. 24, 19291 

The fauna of Rancho La Brea contains a group of gigantic felines which seem 
distinct from the other large cats of the world and are apparently more closely 
related to Felis atrox, the great lion described by Leidy from Natchez, Mississippi, 
than they are to any other forms. They include the enormous form described by 
Merriam (1909) as Felis atrox bebbi and a number of specimens representing a 
much smaller type which is indistinguishable from Felis imperialis Leidy. There 
are considerable differences among the individuals included in this group, especially 
in point of size, but there is also a noteworthy similarity in nearly all of the char- 
acters in which they differ from other forms. The community of characters shown 
seems to indicate pretty distinctly that these individuals form a natural group, 
and if the subdivisions were to be recognized as species the including division would 
be of generic or subgeneric rank. Inasmuch as size appears to be the most important 
distinguishing feature, it has seemed to the writers advisable to consider all the 
forms as of one species. 

Taking the characters of all the forms available, the following diagnosis may 
serve for the group included in Felis atrow. 

Muzzle very wide compared with the length of the skull. Nasals short, never 
extending distinctly behind the frontal processes of the maxillaries posteriorly. 
Fronto-nasal region relatively flat. Superior diamond-shaped area of the frontal 
longer anteroposteriorly than in the lion. Brain-case small, fronto-parietal suture 
nearly straight, as in the African lion. Anterior spine of ectotympanic region of 
auditory bulla extending much farther forward than entotympanic portion. 

Coronoid process of mandible high, wide, situated near medial end of and gen- 
erally projecting backward beyond the condyle. Masseteric fossa very deep and 
showing a marked excavation as far forward as the middle of the inferior carnassial. 
Anterior outline of symphyseal region generally more nearly normal to the inferior 


1This paper unfortunately has not been available to the writers. 
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line of the mandible than in the lion or tiger. Angle produced inferiorly somewhat 
farther than in the lion. 
Infra-orbital foramen oval. Condylar foramen tending to be separated from 
the foramen lacerum posterius. a 
Canines large, and the incisors small or set in a relatively narrow space. [8 
with a very small lateral tubercle. Principal cusp of P3 and P4 nearly triangular 
in horizontal cross-section. P3 occasionally with third or inner root. Superior car- 
nassial with prominent antero-internal root but without a distinctly separated 
protocone. M1 two-rooted or with a divided root. Anterior border of paraconid 
blade of M1 sloping backward more than in lion or tiger. 
This group interpreted in the broad sense in which it is used here includes 
the following forms: 
. atrox Leidy. Type specimen, Natchez, Mississippi. 
. imperialis Leidy. Type specimen, Livermore Valley, California. 
. imperialis, Matthew, W. D. Washtuckna Lake, Washington. 
. sp. indet., Bovard, J. F. Potter Creek Cave, California. 
. atrox bebbi Merriam. Type specimen, Rancho La Brea, California. 
atrox, Freudenberg, W. Mexican Plateau. 
. imperialis, Freudenberg, W. Mexican Plateau. 
atrox, Merriam, J. C. Astor Pass, Nevada. 
. atrox, Merriam, J. C., and Stock, C. McKittrick, California. 


Ray ay ay A yy 


All the forms included in the above list have been considered as Pleistocene, 
both from the nature of their occurrence and from the character of the fauna asso- 
ciated with them. 


STATUS OF LEIDY’S SPECIES FELIS IMPERIALIS 


The type of Leidy’s species Felis imperialis (Leidy, 1873A, p. 259) was obtained 
by Dr. Lorenzo G. Yates in a gravel deposit at Livermore Valley, California. Bovard 
(1907, p. 164) records the locality as occurring 25 miles east of San Leandro, Cali- 
fornia. In the same beds there were also obtained remains of Bison latifrons, 
Auchenia hesterna (Camelops hesternus), Elephas, Equus and Canis indianensis 
(Ainocyon dirus). Several of these mammals are now known also from Rancho La 
Brea. This collection taken as a whole indicates the Quaternary age of the deposit. 
There is, however, no definite statement as to how closely the specimens represented 
in the collection were associated. 

The type specimen consisted of an upper jaw fragment containing P3 and show- 
ing the alveoli of P2 and the canine. Leidy suggested that F. imperialis might be 
found to represent a young individual of the F. atrov type. While this material 
represents a cat of distinctly smaller size than that on which the type of Felis atrox 
bebbi was based by Merriam (1909), additional specimens now available from 
Rancho La Brea include individuals that resemble closely in size as well as in structure 
the type of F. imperialis. As will be seen from the description and measurements 
given below, there are apparently no noteworthy structural characters dis- 
tinguishing the small forms from the larger cats in the series of skulls now known 
from the asphalt beds. In nearly all the points in which skulls of the small forms 
differ from other cats they resemble the F’. atiox bebbi type, so that there are a con- 
siderable number of common characteristics. In character of size it becomes evident 
that within the series a number of specimens bridge the gap between the smallest 
and largest skulls. In this connection it may be noted that, particularly in the 
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asphalt collections, great variation in size is to be expected, as the asphalt victims 
are presumed to include in their number the inexperienced young with the infirm 
aged, so that extremes of size might well occur. 

The small skulls, in contrast to those of larger size may show larger auditory 
bull, wider occiput, and less prominent anterior angle to the symphyseal region. 
Size of auditory bulle and form of the occiput are characters which change greatly 
with age and sex, while the antero-inferior angle of the symphysis is also subject 
to considerable variation. Several of the small skulls are obviously of young indi- 
viduals with entirely unworn teeth and open cranial sutures. 

Several specimens of very large cats described by Freudenberg (1910) from 
Pleistocene deposits of the Mexican Plateau are closely similar to the forms from 
Rancho La Brea and show the same variation in size. A portion of a skull (Freu- 
denberg, No. 163), including the premaxillary and a part of the maxillary and 
showing the form of the alveoli for the insertion of the canine and premolars two 
and three, represents a very large animal evidently to be included in F. atrox. In 
the cross-section of the alveolus for the superior canine, this specimen is slightly 
larger than Univ. Calif. specimen 18598 of the smaller or imperialis group from 
Rancho La Brea, and in the anteroposterior diameter of P3 it is at least as large as 
that specimen. It therefore partly bridges the gap between the F. atroxw bebbi form 
and the F’. imperialis form. 

A much smaller specimen (Freudenberg No. 23) consisting of premaxillary, 
maxillary, jugal and the greater part of the upper dentition, is near the size of the 
type of F. imperialis, and is almost identical in dimensions with smaller specimens 
obtained at Rancho La Brea. Freudenberg refers this.specimen to F. imperialis, 
and it would evidently be included with imperialis, whatever rank that form may 
have. 

A somewhat similar example may be cited from the McKittrick deposits along 
the western border of the San Joaquin plain in California. Early in the study of the 
McKittrick collection the presence of F’. atrox was recognized on the basis of frag- 
mentary skull remains. Additional collections at this locality include two fairly 
complete skulls of large cats. The larger skull, Calif. Inst. Tech. No. 648, compares 
favorably in size with the larger skulls of F. atvow from Rancho La Brea. The 
second specimen, Calif. Inst. Tech. No. 649, is smaller but still possesses a size 
greater than that of the smaller skulls of the amperialis group from Rancho La Brea. 

The fact that in the large cats of the F. atrox type, variation in size without 
marked deviation in structure is noted at such widely separated localities as Rancho 
La Brea, the Mexican Plateau, and possibly McKittrick would seem to indicate that 
the variation was sexual and individual rather than specific. The same individual 
and sexual variation might presumably be expressed wherever a given species is 
found, however wide its geographic distribution may be; while the occurrence of 
two very closely related species in the same place is uncommon, as geographic separa- 
tion is certainly one of the most important factors in the development of new species 
of mammals, even if it be not concerned in their origin. The association of two 
closely related species over as wide an area as that extending from California to the 
Mexican Plateau seems highly improbable. If existing within the same period, two 
closely related forms will generally be found in different places, or if occurring in the 
same place they will belong to different periods. 
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Taking all of the circumstances into consideration there appear substantial 
reasons for regarding specimens which have been referred to F. imperialis as rep- 
resenting young individuals, or possibly young females of the F’. atrow type. 


COMPARISON WITH TYPE SPECIMEN OF FELIS ATROX 


Through the courtesy of Witmer Stone of the Academy of Natural Sciences of 
Philadelphia, it has been our privilege to examine the type specimen of Felis atrox 
and to compare it with specimens of the large felines of Rancho La Brea. 

The type specimen of F’. atrox, No. 12546 Phila. Acad. Nat. Sci., as figured by 
Leidy and as preserved at the present time in the Museum of the Philadelphia Acad- 
emy consists of the anterior half of a mandible enclosed in a very hard concretionary 
layer which is nearly 8 mm. thick over the masseteric fossa. It is thicker than 8 


Fie. 133—Felis atror Leidy. Type specimen, No. 12546, Phila. 
Acad. Nat. Sci. Coll.; outline of lower cheek-teeth P3-M1; 
x 1. Pleistocene, Natchez, Mississippi. 


mm. at some points and thinner than this measurement at other points. The bone 
is exposed only at the posterior end of the specimen and around the alveolus for the 
canine. The outlines of the specimen as represented in Leidy’s illustration which 
accompanied the original description are entirely the outlines of the enclosing con- 
rere The bony material of the jaw is very imperfectly preserved and badly 
rotted. 

The portion of the jaw present does not show the form of the mandible with 
certainty, but there seems reason to believe that it gives approximately the outline 
of the anterior region. The antero-inferior margin appears to be slightly less an- 
gulate than in specimens from the asphalt. The convexity of the inferior border 
representing the ramal process is largely matrix but there may have been a small 
inferior prominence. In the masseteric region there is evidence of a moderately 
deep fossa. The ridge of bone to be seen immediately above the lower side of the 
masseteric fossa may represent the bony plate on the outer side of the inferior dental 
foramen. 

The dentition is represented by the canine and the cheek-teeth. A considerable 
part of the canine is broken away and the lower carnassial has lost the tip of the 
protoconid. The cheek-teeth fortunately project through the concretion and are 
most satisfactorily exposed for study. In comparing the type specimen with material 
from Rancho La Brea it is possible to obtain a very clear idea as to the form of the 
teeth, although the transverse diameters of the cheek-teeth can not be obtained. The 
following comparisons (fig. 133) may be noted: 

P3 possesses approximately the form and dimensions shown in specimens from 
Rancho La Brea as nearly as can be determined by examination of the type. An 
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anterior basal tubercle is absent. Instead a sharp ridge runs from the anterior side 
of the principal cusp to the anterior margin of the tooth. While an anterior basal 
tubercle is present on P3 in most of the jaws of Felis atrox available from the 
asphalt, this cuspule may be absent in some specimens. 

P4 of the type specimen shows anterior and posterior basal tubercles of nearly 
equal size, but the posterior tubercle is divided in the posterior half by a shallow 
but distinct notch separating the posterior basal cusp from a posterior basal tubercle. 
The anterior tubercle seems to have its blade a little longer anteroposteriorly and 
relatively narrower than in Rancho La Brea forms. The shape of this tooth does 
not differ greatly from that in Univ. Calif. specimen 20049 from Rancho La Brea 
in the proportions of the anterior and posterior cusps, but in the type specimen the 
tooth is less worn and the subsidiary anterior and posterior cusps are somewhat 
higher. Compared with specimen 20049 the type seems to show the posterior cusps 
to have a wider base and this coupled with their height gives a slightly different form 
to the tooth. 

M1 is unfortunately not fully exposed so that the width of the tooth in the type 
can not be satisfactorily determined. The general outlines of the tooth are similar 
to those in No. 20049 with the exception that the posterior end of this tooth exhibits 
practically no prominence of the cingulum. 

The portion of the mandible present in the type specimen No. 12546 extends 
from the anterior end of the jaw to the middle of the masseteric fossa. The portion 
present is insufficient to indicate more than that the masseteric fossa is deep and that 
the inferior border of the mandible below this fossa is possibly not so widely ex- 
tended as in the larger specimens of Felis atrow from Rancho La Brea. 


SKULL 


The collection of crania of Felis atrox in the Los Angeles Museum represents a 
series of 16 good skulls and an additional number of incomplete specimens. The 
erania fall into two groups, which may be characterized as the large and the small 
forms. There are clearly 9 skulls which may be referred to the class of large indi- 
viduals and 6 or 7 representing the small individuals. The differences in size are 
indicated in the table of measurements (table 89). It is interesting to note that 
the measurements reveal a more or less uniform increase in size from the smallest 
to the largest type. The type of F. atrox bebbi (Univ. Calif. No. 14001) exceeds 
in length the largest specimen (No. 2900-3) in the Los Angeles Museum collection, 
but its larger size is not maintained throughout the series of measurements. 

The large skulls may be divided into two types, one represented by L. A. Mus. 
No. 2900-9, an individual of middle age with the sutures well closed and dentition 
very moderately worn. In this skull the zygomatic arches are very broad, the sagit- 
tal crest is nearly straight and is relatively high. The same characters are seen in 
the very large skull, No. 2900-38. In a number of other specimens, which represent 
uniformly rather young individuals, as for example L. A. Mus. No. 2900-10, the 
sutures are open, dentition very little worn, the sagittal crest less prominent and the 
zygomatic arches are somewhat narrower. In a large specimen, L. A. Mus. No. 
2900-11, with moderately worn dentition and closed sutures the zygomatic arches 
are apparently a little less extended than in No. 2900-9 and are wider than in the 
somewhat younger specimens, as No. 2900-10. 
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In the smaller skulls some individuals, as L. A. Mus. No. 2900-4, show closed 
sutures, moderately worn dentition and rather wide arches. In other individuals 
the width seems to be relatively somewhat less. 

The question arises as to the relation of these two groups to each other. It is 
possible that they represent two species corresponding to Felis atrox and F. im- 
perialis, but there seem good reasons to believe that the difference between the most 
extreme types of the large skulls is not in any sense comparable to the difference 
between male and female skulls in large cats of the lion type. If the large forms 
do represent a distinct species, the individuals with wide zygomatic arches would 
presumably be males and those with narrow arches females. In the group of smaller 
skulls there is perhaps somewhat greater difference between the individuals. This 
may be due in part to the fact that the group of small skulls includes young indi- 
viduals of the males, as well as adult females. The difference between the groups 
of larger and smaller skulls is not materially different from that between males and 
females of the living African lion. 

In all of the skulls of Felis atrox, both large and small, from Rancho La Brea, 
the superior outlines of the cranium are approximately intermediate between those 
of Felis leo and Felis tigris. The fronto-nasal region is generally flatter antero- 
posteriorly than in the tiger. It may be as flat as in the lion, as is true especially 
of skull, L. A. Mus. 2900-9. This is true also of a very small skull, L. A. Mus. No. 
2900-4. The postero-superior contours of the cranium form a sharper angle with 
the fronto-nasal contour than in F’. leo, and in this respect approach more nearly the 
form in the tiger. The superior anteroposterior contour of the cranium may ap- 
proach quite closely to the form seen in the tiger. There seems to be no great dif- 
ference in this respect between the large and small skulls, although there is perhaps 
a tendency for the large skulls to be flatter above and for the small skulls to be more 
convex above. 

The superior face of the frontal region is usually nearly flat, but it may show a 
distinct median depression. The transverse contour of this region in some respects 
approaches that of the tiger, at least as closely as it approaches the lion, as the post- 
orbital processes drop laterally rather more than in the lion. 

The width of the skull across the zygomatic arches seems to vary considerably, 
even among the large skulls. In No. 2900-9, a large skull with basal length of 359.4 
mm., the arches are very wide (296.5 mm.). In L. A. Mus. No. 2900-12, a large 
skull with basal length of 346.3 mm., the width across the zygomatic arches is 247.6 
mm. In the large skull, No. 2900-9, the upper carnassial is smaller than that in 
No. 2900-12. In No. 2900-9 the anteroposterior diameter of P4 is 39.5 mm. and 
in No. 2900-12 the anteroposterior diameter of P4 is 42.2 mm. In No. 2900-9 
the sagittal crest is high and full, in No. 2900-12 it is low and concave. In No. 
2900-9 the frontal region is quite flat superiorly and shows a slight median depres- 
sion. In No. 2900-12 the frontal region is convex and without median depression. 
No. 2900-9 represents a much older animal than No. 2900-12, the sutures being 
generally closed and the teeth well worn, while in No. 2900-12 the sutures are open 
and the teeth show a little less wear. 

In all specimens, both large and small, the posterior ends of the nasal bones are 
relatively much wider than in the Recent lion, and in this respect approach the type 
of nasals seen in the tiger. On the other hand, the posterior ends of the nasal ele- 
ments resemble the lion in that they do not extend posteriorly as far as the upper 
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end of the frontal processes of the maxillary. The latter processes are truncated 
anteroposteriorly at the upper end, somewhat as in the modern lion, and the nasal 
processes of the frontal bone are wide, somewhat as in this type. In the modern 
tiger the frontal processes of the maxillaries are not truncated and the anterior 
processes of the frontal are therefore relatively narrow. 

In side view of the skull (plate 26, fig. 1), the anterior projection of the 
nasals seems to be almost intermediate between that of the modern lion and the 
modern tiger. In the lion the nasal opening is directed more distinctly upward than 
in the tiger and the anterior ends of the nasals are situated farther away from the 
anterior end of the premaxillary. 

In front view (plate 27, fig. 3; see also fig. 142, B), the nasal opening is in some 
respects more like that of the tiger, as the opening is more distinctly pointed in- 
feriorly, instead of relatively wide inferiorly as in the lion. 

The turbinal elements are beautifully preserved in specimen No. 2900-9. They 
are very largely developed, and the superior fold of the maxillo-turbinal seems larger 
than that in specimens of either the modern lion or tiger available for comparison. 

In the Rancho La Brea specimens of F’. atrox at the Los Angeles Museum, the 
orbits tend to be nearer oval in outline than in the modern lion, the lower end of the 
orbit being distinctly narrower. In these respects the fossil forms more closely re- 
semble the tiger. In the specimens from the asphalt, the orbits possibly look upward 
a little more than in the tiger, but possibly not so much as in the modern lion. 

The postorbital constriction in the Rancho La Brea specimens is not so pro- 
nounced as in some skulls of the modern lion and tiger. In the skulls from the 
asphalt the cranial region is generally fuller behind the postorbital processes than 
in the lion and tiger. The less-marked postorbital constriction is in part due to the 
relatively smaller size of the brain and the more pronounced fullness behind the 
postorbital processes. 

As viewed from above the brain-case in all the specimens of F’. atrow is rela- 
tively smaller than in either the modern lion or modern tiger. 

In F.. atrox the posterior end of the frontal process of the maxillary is trun- 
cated on the median side, on a line nearly parallel with the median plane of the 
skull. In the lion the truncation of the frontal process is more distinctly oblique, 
and the lines of truncation extended forward would meet at a point situated about 
the middle of the nasal bones. The posterior ends of the frontal processes are trun- 
cated on a line making an angle of approximately 80° with the anteroposterior line 
of truncation. The extreme posterior end of the frontal process of the maxillary is 
commonly sharply pointed in the Rancho La Brea specimens, while in the lion and 
tiger it is blunt, or perhaps truncated transversely. 

The occipital region in F’. atrox exhibits a prominent median ridge which is 
generally high and more distinctly angular than in either the modern lion or tiger. 
There is considerable variation in this respect, the large skulls showing the ridge 
more strongly developed. Even in the small skulls the difference is very marked. 
In one large skull, L. A. Mus. No. 2900-11, there is an unusual modification of the 
occipital region in that two very deep pits are developed on either side of the occiput 
immediately above the condyles. These pits may be present in other skulls, but are 
very much less marked. 

The narrowing of the occipital region immediately above the mastoid as de- 
scribed in the type of Felis atrow bebbi is not evident in the Los Angeles Museum 
specimens. This character is not more marked than in the modern lion. 
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The auditory bulle in the Los Angeles Museum specimens generally show ap- 
proximately the same relative size seen in the modern lion and in nearly all cases 
are relatively larger than in the type of F. atrox bebbi. In the large skulls, L. A. 
Mus. Nos. 2900-9 and 2900-13, the bulle are relatively small. In the gigantic skull, 
No. 2900-83, the bulle are apparently more strongly inflated than in the type of 
F. atrox bebbi. As in the latter form, the anterior spine of the ectotympanic region 
extends farther forward than the anterior extension of the entotympanic region. 
The ectotympanic spine commonly extends forward to a point a short distance behind 
the middle of the glenoid fossa. The inferior border of the external auditory meatus 
does not normally extend unusually far out from the median plane of the skull, 
as was reported in the type of F. atrox bebbi. 


Tic. 134—Felis atrow Leidy. Vertical longitudinal section of skull, No. 2900-16; x 2/5. Ethmoturbinals 
are not preserved in this specimen. mn, nasal; fr, frontal; s, frontal sinus; pa, parietal; so, supraocci- 
pital; ten, cut edge of tentorium; bo, basioccipital; pet, petrosal; bs, basisphenoid; ps, presphenoid; 


ty, tympanic; pt, pterygoid; pl, palatine; pm, premaxillary; mat. maxilloturbinal; ms, mesethmoid; 
st, sella turcica; cp, clinoid plate; pap, postglenoid process; 1X, X, XJ, foramen lacerum posterius; 
XII, condylar foramen. Rancho La Brea Pleistocene. 


In the region of the basioccipital, the roughened area for attachment of the 
rectus capitis anticus muscle is generally situated far back, so that it is immediately 
adjacent to the opening of the posterior lacerate foramen. 

Skull No. 2900-16 has been cut in two along the median longitudinal plane to 
reveal the internal structures (fig. 134). Unfortunately the ethmoturbinate ele- 
ments are not preserved in this specimen. Attention has been directed already to 
the difference in orientation of the basicranial and basifacial axes between the 
extinct cat and the sabre-tooth. While the brain-chamber is larger than in the 
sabre-tooth, it is relatively smaller than in modern cats. It is noteworthy that a 
considerable expanse of bone representing the frontal, parietal and supraoccipital 
comes to view in this section. The dorsomedian contour of the cerebral and olfactory 
chambers possesses a somewhat different curvature from that in Smilodon. The 
ridges on the wall of the cerebral cavity, while clearly defined, are not so well 
developed as in the sabre-tooth. The cerebellar cavity is noticeably larger in Felis 
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atrox than in Smilodon. The impressions of the lobules of the cerebellum are well 
defined in this specimen. The petrosal is distinctly larger than in the sabre-tooth, 
but the internal auditory meatus is smaller. In median line the cut edge of the 
tentorium presents a thinner surface in F. atrow than in the sabre-tooth, although 
the plate may be no thicker in one than in the other. This edge appears to project 
more downward, less forward, than in modern Felis. The tip of the clinoid plate 
is broken away. The base of the plate resembles that in modern Felis. The pitui- 
tary fossa (st) is more sharply defined in this section than in that of the sabre- 
tooth. It is more deeply excavated. The presphenoidal sinus is more capacious than 
in Smilodon. Likewise, the frontal sinus is of large size. 

The infraorbital foramina are generally somewhat smaller and narrower trans- 
versely than in the modern lion. In these characters F’. atvox may be more like the 
tiger. 

The sphenopalatine opening is distinctly larger than that in Smilodon. 

The postpalatine foramina are situated farther back than in the lion and tiger. 
They are usually behind the posterior end of P4. Occasionally they may be situated 
as far forward as the extreme posterior end of P4. 

The foramen rotundum is normally much nearer the sphenoidal fissure than 
in Felis leo. This foramen is commonly separated from the sphenoidal fissure by 
a relatively thin blade of bone. In L. A. Mus. specimen 2900-14 the foramen ro- 
tundum seems not to have been separated externally from the sphenoidal fissure, or 
if a separation was represented it consisted at most of a very thin thread of bone. 
The space separating the foramen rotundum from the foramen ovale appears com- 
paratively wide. 

The condylar foramina are commonly well outside the openings of the posterior 
lacerate foramina. In four or five cases out of more than twenty crania the situa- 
tion is approximately as in F’. leo. 

The inferior nasal openings in the Rancho La Brea specimens always have the 
anterior palatine border cleft and never with a median spine, as in the tiger. 


ENDOCRANIAL CAST 
Plena M4, ties, il t@ & 


Two endocranial casts are available of Felis atvox, one taken from skull 2900-1 
(plate 14), the other from skull 2900-16 (fig. 135). These cats show considerable 
resemblance in size, shape and surface features, although the skulls varied some- 
what in size, No. 2900-1 being larger than No. 2900-16. 

As commented upon in the description of the endocranial cast of Smilodon, 
there is considerable difference between the sabre-tooth and the extinct true cat of 
Rancho La Brea in this structure. Felis atrox had, quite evidently, a larger brain 
than S. californicus. The proportions of the casts in the two forms are different. 
The form of the cast resembles the form of the brain in modern cats, although the 
anterior portion of the cerebrum does not appear to be so deep in F’.. atrvow as in 
the latter types. The olfactory lobe is placed well in front of the cerebrum and the 
olfactory tract is long, giving this region of the cast a quite different appearance 
from that of Smilodon. 

The gyri and sulci are more faintly defined in Felis atrow than in S. californicus, 
and this is true of both casts taken from skulls of the former species. 
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Fig. 135—Felis atrox Leidy. Endocranial cast from skull 2900-16. A, dorsal view; B, ventral view; C, lateral 
view; D, posterior view; x 2/3. For explanation of letters see figure 11. Rancho La Brea Pleistocene. 
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Taste 90—Skull and dental indices of Felis atrox 


1 
2900-|2900-|2900-|2900-|2900-|2900-|2900-|2900-/2900-|2900-|2900-|2900-| 2900— |2900—|2900-|2900— bee van 
3 9 ii || 12 |) 1 |} ZO || ww 8 U 5 18 | 16 17 4 19 6 50049 oon 
Anterior narial index. 18 TSG RELY .c 18 19 20 19 19 20 LOR ISAs. 19 17 18 17 19 19 17 
Index of interorbital 
bread thenep eer eee 27 30 26 25 OG eodiort 26 26 25 HS |ioccoo 26 26 26 25 28) lo scoc 
Breadth index of post- 
orbital processes. ..|..... BB Hoocon 34 35 35 33 35 38 349 lo o000 32 34 37 39 36 SASH ee 
Index of postorbital 
GONSULICTLON Ee | eee 23 22 25 23 23 23 23 25 23 BS Noosoc 24 25 28 26 23 21 
Bizygomatic index... 75 82 80 71 70 PAA |S oeeerese 76 7 CABG eee cre | eabea ioe 71 78 70 76 74 75 
Index of palatallength| 47 ASE Ree 44 45 45 42 42 45 AA Fates 44 45 43 42 45 42 39 
Index of anterior pala- 
tal breadth........ 40 AAD |). sokens 38 38 41 43 43 41 Ashes. 40 37 42 39 41 41 43 
Index of posterior 
palatal breadth. ... 61 669 | 59 54 61 61 62 60 Ol locos 58 56 69 61 64 65 68 
Height index of an- 
terior zygomatic 
ECA Gs ccocococcn0c TZ) |) TIED oaooc ESD |} TUES) || Dil | WSO) |) TKO) |] IU) |] TD lo ooce 152 145 Wt |) WE TNS No eco clloacoc 
Diametral index of 
superior canine..... 70 G6 OE | sttealbecrs on 74 80 82 7A ta | vcr estes lanes Sarna hcereetac 12 76 72 GOR |Roxere atest ieewesce- 
Mandible No. 2901 3 15 20 24 5 7 16 2 23 26 4 2 6 Shed sort Uk Wire mero one EES 
Diametral index of 
-W MI x100..| 53 53 53 50 52 54 46 53 46 48 52 46 ASTM ee iepercll pA oKni te arora reread eeeteee: 
M1 ———— 
L M1 
Length index of 
= —~ 1, P4 X 100.) 94 } 103 97 97 | 100 | 100 93 | 100 | 100 94 96 | 100 Cas Me ceceered leteeesc cach ie ictoncier| Perens el (ie eee 
P4—M1 =. 
L M1 
MANDIBLE 


Specimens of the mandible of Felis atrox from Rancho La Brea vary consider- 
ably in size (see measurements, table 92). These may fall into two groups, the 
difference between the two types being comparable in a general sense to the differ- 
ences between the large and small crania. Here again, however, the measurements 
reveal a more or less uniform increase in size from the smallest to the largest man- 


Taste 91—Measurements (in millimeters) of 
endocranial casts 


No. 2900-1 | No. 2900-16 


Greatest length of cerebrum. 91:7 91.6 
Greatest width across ante- 

rior end of cerebrum..... 73.6 73.8 
Greatest width across tem- 

OMA ONES. ocoonacccocce 88.6 92 
Cast displaces c.c. of water. . 340 319 


dible, with no tendency toward a sharp separation into two groups. The largest 
Specimen in the Los Angeles Museum collection, No. 2901-3, is in some measure- 
ments, but not in all, slightly smaller than that of the type of F. atrow bebbi. 

The symphyseal region may slope downward and backward a little more dis- 
tinctly in the smaller jaws than in some of the larger specimens. As a rule, how- 
ever, the anterior face of this region drops off quite steeply and the form is dis- 
tinetly different from that in the modern F. leo. At the lower side of the symphyseal 
region there is not infrequently a dependent process or tubercle. 
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In rare cases the inferior border of the ramus may be almost straight below 
the cheek-teeth. Normally the ramal process is clearly developed below the anterior 
or middle region of MI. In most specimens from Rancho La Brea the jaw when 
placed on a table can not be rocked, with the inferior surface of the ramal process 
serving as a pivot. In this respect a greater resemblance prevails between F.. atrow 
and the tiger than between the extinct species and the lion. The stability of the man- 
dible when placed on a flat surface depends upon the development of the inferior 
symphyseal process or tubercle and upon the lower prominence of the angle. Ex- 
amples are present, however, as in L. A. Mus. specimen 2901-23, in which a closer 
approach is made toward the lion than the tiger (see also fig. 142, C and D). 


TABLE 92—Measurements (in millimeters) of mandible of Felis atrox 


Univ. 
Calif. | 
14001 


| . 
2901-|2901-|2901-|2901-|2901-|2901-|2901-|2901-|2901—|2901-|2901-|2901-|2901-—|2901- ang 
3 | i | | 221 8 | v | 16 | os | 2B] a3] 4 a | 6 TO agg 
| Length from anterior end of sym- 
physis to posterior end of condyle 
immediately behind coronoid 
process...................-.-...|309.5 |276.8 |273.1 |257.5 |243.8 |242 |242 |237.81238.3/235 |217 |218 |206 |273.4 309.3 
| Length of symphysis measured 
along anterior border........... 94 WO) || 220 || 713) S|) cl 72.2) 76 75.3 | 74 69.5| 67.6] 67.2 | 85.2 | 87.9 
| Depth of ramus below anterior end 
Of Paths: cih teed ee er ee 60.7} 55.6] 53 54 46.8} 48.9} 45 49.3} 47.5| 47 45.3 | 43 38.9 | 52.9 | 56.5 
Depth of ramus below posterior end 
Oi IMU cacccocnccccccccccvcccen|| Gk] Bk BV8)) KI 49.7/)| BIS) 473}|| SOA) 434) ZOO! 4O44] 4ai | 2 57.5 | 62.3 
| Thickness of ramus below posterior 
end “Of: Mills. eh ereNveenern, e ee 29.2) 27.3| 27.8) 25.3) 23.6) 23.4] 20 23.8) 23.8] 21.4] 23.3] 21.4] 20.2) 23.9] 26.6 
Height from inferior border of angle 
to summit of condyle........... 66.4] 52.2) 52.3] 57.6] 51.7] 46.8] 45.8] 44 46.5| 45.5) 45.2) 45.8] 42 56 64.8 
| Height from inferior border of angle 
to summit of coronoid process...|/150 |132.6)129 |131  |124.6}117.3 |111.5 |111.8 |}121.5|112 |107.6|107.4| 96.3 |129.3 |142.8 
Transverse width of condyle.......| 74.9) 70.2) 64.7 |a59 58.9} 59.4} 55.5} 58.3) 53.1 /a50.5| 54.3) 55.3 |a44.5 | 63.6} 71.4 
Greatest depth of condyle......... 26.7| 25.7] 25.3] 24 21.4] 19.3] 18.8] 20.8] 20.7] 20.6] 20.2) 20.4] 18.4] 24.6) 27.2 


318 
99.3 | 
59.7 


67.1 


a, Approximate. 


The masseteric fossa is very deep, and its extreme anterior border reaches for- 
ward to a point opposite the middle or posterior part of the inferior carnassial. The 
inferior border of the anterior portion of the masseteric fossa is marked by a sharp 
upward twist occurring just below the deepest portion of the fossa. The coronoid 
process is normally high and broad. Frequently the superior portion sweeps back- 
ward somewhat as in the tiger, so that the posterior extremity extends behind the 
condyle. The form of the angle is intermediate between that of the lion and the 
tiger, as it projects inferiorly more than in the lion, and less than in the tiger 
posteriorly. 

The posterior mental foramen is frequently of large size in F. atrow. 


DENTITION 
By Jib ah al 
Dental formula: XA D i 


= 


SUPERIOR DENTITION 
The anterior face of the row of upper incisors is generally convex forward or 
nearly straight across, and commonly possesses a slight indentation backward in the 
middle due to slightly smaller size of the median incisors I] and I2. I1 is somewhat 
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Taste 93—Measurements (in millimeters) of swperior dentition of Felis atrox 


2900—|2900—|2900-}2900-;2900-|2900-|2900-— 
3 9 11 12 10 20 15 
Length from anterior 
end of canine alveo- 
lus to posterior end 
OV Ev ee pamicae eae Gate 139.4 |120.4]..... 128.8 |122.5 |125.2 |117.2 
Length from anterior 
end of alveolus for 
P2 to posterior end 
of alveolus for P4...| 91.6] 77.7]..... 88.7| 82.9} 84.8] 78.4 
Il, greatest transverse 
diameter.......... Heil ae) [ae siorollo aiBte wo O45|| GY3\looosc 
12, greatest transverse 
diame ternssane ee 4 mers ela caeas | rere | Searavea G2\) 7.4 
I3, greatest transverse 
diameter.......... PASS VA oes lowe 12.3] 11.7) 11.4] 12 
C, anteroposterior di- 
ameter at base of 
enamels nacht: SOLS || ABB lloooccllooooc 30.7| 30 |a28 
C, transverse diameter |a25.7] 20.4|.....|..... 22.6| 23.7| 22.8 
P2, anteroposterior di- 
ameter of alveolus. .| 11.4] 10.2|..... 9.6) 10.1) 10 U8 
P3, anteroposterior di- 
AMCs ae eo eee cee S044] BOA ocoo 30.6 | 28 28.3 | 25.3 
P3, greatest transverse 
CUTE s ooaccscocal| LGD) WW). ooo. 15.5| 15.9} 14.5) 14.9 
P4, anteroposterior di- 
AMeleraeyscicari es 45 BY | 600 6 42.2} 40.5} 40 40.8 
P4, greatest transverse 
diameter across 
protocone.......... al9 2 (029) ee 21.2) 20.4) 20.8} 21.4 
P4, anteroposterior di- 
ameter of base of 
paracone........... 17 ATA 17 15.6} 16 15.8 
P4, anteroposterior di- 
ameter of parastyle.| 8.1] 7.7]..... 7 7.9} 7.3) 6.6 
P4, length of metacone 
bladetes werner. GZ!) WHA) ss. 16.5] 15.2) 15.5} 14.7 
M1, anteroposterior di- 
AIM CLOT yr teateaiccucccunl tokesansiel| arate | fic earerceil en syeatakc Gea bervarews | ereciape 
M1, transverse diame- 
UST Pee) soto oot Geeyae iy Oe CRATCH Lepeee B| | Chea Cee] evteaccr ete | Sere Gi Rov ae| Ora 


a, Approximate. 


2900-|2900—|2900-|2900—/2900-— 
8 7 5 18 16 
UN AI 2 || B | ooo 111.7 
76.7| 79 CHESTM aaa 77.5 
eta oh] Glove ei Pacectata | pmcetc 5.7 
He}! [Sap a) |a'c-ata| aerosol arama 
UOZ | WA. ooccllocsec 9.4 
SOY on orctcl faeuaraal sera 25.2 
IPA le envalls cemoll ae a ae 18 
9 9831 O llococc 7.6 
27.8'| 26.7 25.6]..... 25.9 
USE |) Usi44)) ioc oo0 12.3 
40.3} 40 a) lawson 38.3 
21 20 WD low ooc 19.3 
15.5] 13.9) 14.5]..... 14 
7 S9)]] G2 I1o ooo 74 
IWS} {63 |] IUS}45))) USHA 26 oc 15.1 


2900- 


104.2 


a35 


18.4 


2900-— 
6 


2900- 


103.8 


101.2 


71.4 


18.7 


Tasie 94—Measurements (in millimeters) of inferior dentition of Felis atrox 


2901—|2901—|2901—|2901—/2901—/2901-— 
3 15 20 24 5 7 

Length from anterior end of C to 
posterior end of M1.......... 156.7 |142.7 |144.5 |134.9 |131.6 |132.8 

Length from anterior end of P3 
_to posterior end of M1........ 89 | 80.7] 80.1] 79.8| 77.3) 74.8 
Il, greatest transverse diameter.|..... gh 33 Mlle ateroeet| lec Bore ool ore ent cence 
I2, greatest transverse diameter.|..... CSO Ne eral leeteacnn |l oe ate | Gaeates 
I3, greatest transverse diameter.|..... 8 UES eae Ge || Oee eter ot beets 

C, anteroposterior diameter at 
SEO O? GMEMAE, o.00000000000¢ 30.4] 27.3] 29.3 |a27.5| 25.2)..... 
C, transverse diameter.......... 21.6] 19.3| 20 |a22 Oe neice 
P3, anteroposterior diameter. ...| 21 20.2) 20 j|a19.6} 18.1} 18.9 
P3, greatest transverse diameter.| 13.2) 12.5] 11.7]/a11.3| 10.3} 10.2 
P4, anteroposterior diameter... .| 32.3] 30.5] 28.5 |a29 DRY Dele 
P4, greatest transverse diameter.| 16.8| 14.4] 15 /al15.4| 14 13.5 
P4, basal length of principal cusp..| 14.5) 13.6] 14.6] 13.2] 13 12.6 
M1, anteroposterior diameter....| 33.7| 30 | 29.9] 29.6| 28.5] 27.5 
M1, greatest transverse diameter.| 17.5] 15.5| 15.6] 14.8] 14.9] 14.6 
M1, length of protoconid blade. .| 16 16 15 15 13.2) 14.7 


a, Approximate. 
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smaller than 12, and both of these teeth have a strong posterior cusp which is sep- 
arated from the spatulate anterior cusp by a deep transverse groove. The form 
of these two teeth is nearly the same. The tip of the crown of I2 may be a little more 
pointed or narrowed than that of Il. I3 is large and the lateral angle is turned 
far back in accommodation to the bend of the outer margin of the premaxillary. The 
low posterior median cusp or tubercle is almost on the median side. 

The upper canine is possibly a little more flattened in the smaller forms than in 
the larger types from Rancho La Brea. The posterior angle of the crown is well 
developed, the antero-internal angle is faintly marked, and the internal face is much 
flatter than the outer face. 

The alveolus for P2 is present, but the tooth has not been observed in any of the 
skulls of F. atrox from Rancho La Brea (see p. 225). 

P3 may not differ greatly from that in F. leo. The crown of this tooth is gen- 
erally somewhat lower than in the lion, and in this respect it resembles the tiger. 

A curious variation in fang development occurs occasionally in this tooth. A 
third or inner root situated above the inner base of the principal cusp may be present, 
in which case it is distinct from the posterior fang. No similar root has been ob- 
served in Felis leo spelea. This character occurs in specimens 2900-9 and 2900-8 
of F. atrox from Rancho La Brea. In No. 2900-9 the extra root is present in P3 
of the left side but absent in the comparable tooth of the right side. In No. 2900-8 
the extra root is present in P3 of both sides. At least 19 specimens show a right 
P3 with two roots and 15 specimens show a left tooth with two roots. In specimen 
No. 2900-17, in which the teeth are missing from the skull, the posterior alveolus of 
each side shows an inner bulge. The anterior root while distinctly smaller than 
the posterior is only a trifle shorter. 

The cusps of P4 seem not quite so low as in the tiger. The cusps appear lower 
generally than in F. leo, although this is not always the case. The parastyle is not 
so strongly developed as in the tiger. The condition in this respect is much as in the 
lion. The proportions of the cusps on P4 do not seem to be materially different from 
those in the modern lion. The protocone is much as in skulls of F’. leo. The root 
system (plate 33, figs. 1, la) is similar to that in P4 of F’. |. spelea with the posterior 
root perhaps not so broad anteroposteriorly as in the latter type. The outer fangs 
curve inward in their upward course. This is particularly noticeable in the antero- 
external fang. The antero-internal root is well developed, more so than in Smilodon, 
but is shorter than the antero-external root. 

M1 is a small tooth with oval crown. It has commonly two roots which may 
be quite widely separated as in L. A. Mus. specimen No. 2900-18, or it may have 
only one root as in L. A. Mus. specimen 2900-19. 


INFERIOR DENTITION 


The transverse line of the incisor teeth may be bowed slightly forward or slightly 
backward or may be approximately straight across. The space occupied by the 
incisors is relatively small. Ii is much smaller than [2. The medial incisor has 
the merest trace of an external lobe as shown in L. A. Mus. specimen 2901-16. 
I2 has a very small external lobe which reaches back a little more than half the 
distance to the posterior border of the enamel. The inferior canines possess stout 
roots and have a greater anteroposterior diameter compared with that of the inferior 
carnassial than in the lion, but are smaller in comparison with the upper canines. 
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The longitudinal ridge on the inner face may not be situated so far forward as in 
the tiger. 

The diastema between canine and P3 is relatively a little shorter than in the 
Recent lion or tiger. 

In P83 the postero-internal portion of the cingulum is more strongly swollen 
laterally than in the lion or tiger. Usually a distinct anterior tubercle is present 
on this tooth. In a few cases, as in L. A. Mus. specimen 2901-28, P3 lacks a sepa- 
rate anterior tubercle. The fangs, with reference to the vertical axis of the crown, 
are directed somewhat anteriorly. The posterior root is slightly larger than the 
anterior. On the basis of material available from the Mexican Pleistocene Freu- 
denberg (1910, p. 226) concludes that Felis atrow is characterized by a single-rooted 
P3, in which respect it differs from the double-rooted tooth in F. spelea. In all of 
the specimens of F’. atrvow from Rancho La Brea P3 is two-rooted. 

P4 resembles quite closely the form of this tooth in the African lion, excepting 
that the anterior and posterior cusps are perhaps a little more compressed laterally 
and are less acute. In L. A. Mus. No. 2901-21, the superior crest of the anterior 
tubercle curves inward rather noticeably. The principal cusp is approximately 
triangular in cross-section, the inner angle of the triangle extending down to the 
cingulum as a rather prominent ridge. Occasionally a minute tubercle may be dis- 
cerned on the ledge extending inward from behind the posterior cusp at the postero- 
internal corner of the tooth. The fangs are of subequal size. 

M1 corresponds in relative size and proportions quite closely to the inferior car- 
nassial of the African lion. It possesses, however, a rather distinct heel, and a min- 
ute cusp corresponding to the metaconid may or may not be present. The anterior 
margin of the paraconid blade slopes backward more strongly than the nearly vertical 
anterior border of this portion of the tooth as it may appear in the African lion. 
The crown is supported principally by the anterior fang, which is strongly developed. 
The posterior root is slender, small in cross-section, and shorter than the anterior 
fang. 

LOWER MILK DENTITION 


The inferior cheek-tooth dentition of Felis atrox includes two teeth, Dm4 and 
Dm3. In the lower milk carnassial the anterior root is relatively not so large as in 
the comparable tooth of Smilodon. The crown is likewise not so high in the former 
as in the latter, so that the notch between the paraconid and protoconid blades is 
closer to the base of the crown. The difference in length between the anterior border 
of the protoconid and the posterior border of the paraconid is not so great in the 
large true feline as in the sabre-tooth cat. A single cusp is present behind the 
protoconid, and its position with reference to the latter cusp is more posterior and 
less internal than in Smilodon. While a posterior cingulum is evident in this tooth, 
no distinct basal cusp (talonid) is present as in the sabre-tooth cat. 

Dm3 leans backward, but the slope is not so pronounced as in the comparable 
tooth of Smilodon. This tooth, in comparison to the milk carnassial, is relatively 
larger in the extinct true felid than in the sabre-tooth cat. In front of the prin- 
cipal cusp (protoconid) is a well-developed basal cusp. Behind the protoconid is 
a posterior cusp, the tip of which does not project away from that of the protoconid 
to the extent seen in Smilodon. A low posterior basal tubercle or ridge is present 
which, in side view, does not appear quite so prominently developed as in the sabre- 
tooth cat. 
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The milk canine is compressed and the crown is relatively higher than in 
Smilodon. On the inner base of the crown is a small ledge, but no minute cusp has 
been noted as in the latter form. 


RELATIONSHIP OF FELIS ATROX TO THE LARGE LIVING 
FELINES OF THE OLD WORLD 


In studies of the large true cats of the Quaternary, attempts have been made 
from time to time to determine the relationship of fossil forms to the living lion and 
tiger, based on the recognition of characters which distinguish the latter species. 
Particularly is this true of investigations which have been conducted on Pleistocene 
representatives of the group in the Old World, although the problem of distinguishing 
the lion from the tiger on characters seen in the skull, skeleton and dentition has 
been treated also by systematists concerned principally with the modern forms. 


Fig. 136—Comparison of skulls of Recent lion (1 and 3) and tiger 
(2 and 4). (After Boule.) 


Curiously enough while the two living species furnish striking external dissimi- 
larities, a survey of structures revealed in the skull and skeleton and in the denti- 
tion has offered as yet no very reliable basis or no extensive series of differ- 
ences on which a satisfactory separation can always be made. Doubtless the history 
of this group in the Old World has been such as to bring about in late geologic time 
noteworthy differences in the distribution of particular types and in the specific 
adjustments of these forms to their individual environments without incurring 
much change in their more fundamental structures. 

Boule (1906, pp. 69-95), following the important contribution by Dawkins and 
Sanford (1868, pp. 62-64), has indicated certain structural differences between the 
modern lion and tiger, based principally on characters of the skull, and has empha- 
sized their functional value as related to the habits of these animals. In view of the 
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rather full yet concise treatment of this subject it will be of interest to render the 


following translation from Boule: 


1. SKULL 


LION 


1. The frontal process of the superior 
maxillary (fig. 1, M) reaches the level 
of the fronto-nasal suture, or extends back 
of this suture. 

2. The summit of this process is more 
or less acute (fig. 1). 

3. The nasal bones are flat or slightly 
convex, especially toward their frontal ex- 
tremities. 

4. The external opening of the nasal 
fosse is relatively wider; it widens regu- 
larly beginning at the lower part (fig. 3). 


5. The interorbital space formed by the 
frontals is wider, flatter and even com- 
monly excavated; the Lion has a forehead 
which is wide and flat, transversely as 
well as longitudinally. 

6. The temporal part of the frontals is 
relatively less developed; the fronto-parie- 
tal sutures are placed further forward 
(QS, 1K, B))o 

7. The posterior palatine foramen is 
closer to the orbital border. 


TIGER 


1. The frontal process of the superior 
maxillary, M, does not reach the fronto- 
nasal suture, N (fig. 2). 


2. The summit of this process is trun- 
cated (fig. 2). 

3. The nasal bones are very convex 
throughout their length. 


4, The external opening of the nasal 
fosse is relatively narrower; it widens 
regularly, only up to a certain height, be- 
ginning at the lower part. 

5. The interorbital space is narrower 
and always convex: the Tiger has a fore- 
head which is narrower and more arched. 


6. The temporal part of the frontals is 
relatively more developed; the fronto- 
parietal sutures are placed further back 
(ss, fig. 6). 

7. The posterior palatine foramen is 
further removed from the orbital border. 


Fig. 137—Comparison of skulls and jaws of Recent lion (5 and 7) and tiger (6 and 8). 
(After Boule.) 
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8. The inferior border of the mandible 
has a rather convex form; below the car- 
nassial, this border presents a sort of 
tuberosity which is more or less pro- 
nounced (ramal process of English au- 
thors [fig. 7, R]). This shape is such that 
a mandible of a Lion lying on a table on 
this inferior border can not touch the table 
at the symphysis and the angular process 
at the same time. 

It follows, likewise, that the mandible is 
lower in front of the molars than in the 
back. 

9. The coronoid process does not pro- 
ject behind the condyle (fig. 7). 
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8. The inferior border of the mandible 
has a rather straight and even concave 
form; there is no tuberosity below the 
carnassial (fig. 8). The mandible placed 
on a table rests on the symphysis and on 
the angular process at the same time. 

The height of the mandible, in front of 
the molars and back of the molars, is 
obviously equal. 


9. The coronoid process projects behind 
the condyle (fig. 8). 


2. DENTITION 


LION 


10. The canines have a more rounded 
section; their internal face is more con- 
vex; the edges are less sharp. 

These characters are more clearly indi- 
cated on the superior canines than on the 
inferior ones. 

11. In general, the molars, while being 
slightly more elevated, have their cusps 
less compressed transversely, with edges 
more blunt; the premolars are thicker in 
their posterior part. 


TIGER 


10. The canines have a more flattened 
section; their internal face is less convex; 
the edges are more separated and sharper. 


11. In general, the molars, while being 
less elevated, have their cusps more com- 
pressed transversely, with sharper edges; 
the premolars are less thick in the pos- 
terior part. 


3. LIMB BONES 


LION 


The glenoid cavity of the scapula is 
more circular. 

The humerus is less curved in its su- 
perior part, the articular head projecting 
less in back. 

The anterior part (fig. 9) of the sum- 
mit of the great tuberosity (or large tro- 
chanter), in front of the insertion of the 
sub-spinous muscle (s. e.), is more ele- 
vated; it nearly reaches the level of the 
posterior part. 


Fic. 


(9) and tiger (10). 


TIGER 


The glenoid cavity of the scapula is 
more oval. 

The humerus is more curved in its su- 
perior part, the articular head projecting 
farther backward. 

The anterior part (fig. 10, a) of the 
summit of the great tuberosity is less ele- 
vated and less marked than the posterior 
part (fig. 10). 


138—Comparison of humerus of Recent lion 


(After Boule.) 
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The difference is very noticeable in a comparative study of the external face of the 
bones in profile (figs. 9 and 10). The summit of the great tuberosity (a) forms, with 
the anterior edge of the bone, a right angle in the Lion, and an obtuse angle in the Tiger. 
It denotes, in the Tiger, greater facility for movements of the arms. 


The olecranon fossa is less deep and 
more open toward the top. 

The radius is proportionately longer 
and more slender, less curved. In the 
Lion, the forearm appears to be relatively 
longer than in the Tiger. The articular 
cup of the superior head has a more oval 
form. 

The femur has a neck more distant; the 
large trochanter is more elevated; the 
digital cavity is more spacious, and deeper. 


The patellar trochlea is less developed 
anteroposteriorly; its area is less exten- 
sive. 

The tibia is more curved, particularly on 
its anterior edge; in its inferior, or distal 
half, its section is more rounded, the edges 
being less distinct. 

The superior portion of the external 
face is less concave, because the external 
and anterior tuberosities are less de- 
veloped. 


The olecranon fossa is deeper and its 
limit better defined toward the top. 

The radius is proportionately shorter, 
thicker, and more curved. In the Tiger, 
the forearm appears relatively shorter 
than in the Lion. The articular cup of the 
superior head has a rounder form. 


The femur has a neck less distant; the 
large trochanter is less elevated (which 
denotes a more climbing animal) ; the dig- 
ital cavity is less spacious, shallower. 

The patellar trochlea is more developed 
anteroposteriorly ; its area is greater. 

The tibia is less curved, the anterior 
edge is nearly straight; the transverse 
section, in the inferior half of the bone, 
is more triangular, for the edges are more 
distinct. 

The superior portion of the external 
face seems more hollowed because the ex- 
ternal and anterior tuberosities are more 
projecting. 


The bones of the feet offer individual variations at least as considerable as those 


sometimes indicated as specific differences. 


more warped externally than in the Lion. 


In the Tiger, the head of the astragalus is 
One may note also that the distal articulations 


of the metacarpals and the metatarsals are more inflated, more spherical in the Tiger 
than in the Lion; the furrow which bounds them is deeper, the tubercles for the insertion 
of the lateral ligaments appear more distinct and more protruding; all this is in agree- 
ment with the more ferocious habits of the Tiger. 


Blanford and more recently Pocock have given consideration to the differences 
noted in the skulls of the large living felines. Pocock concludes that many of the 
characters which have been regarded as diagnostic of the lion and tiger are incon- 
stant in their occurrence. Variation in profile of skull and in backward extent and 
shape of nasals in the tiger is shown for example in figures 140 and 141, taken from 
Pocock. He states furthermore: “All indeed, that can be said with regard to 
the cranial differences between these two species is that tigers on the average have 
more vaulted skulls, with longer, narrower nasal bones, narrower anterior nares, 
the facial part shorter as compared with the cranial part and the lower edge of the 
mandible straighter than in lions.” 

Since the large true cat of the Rancho La Brea Pleistocene has come to be 
commonly designated the great lion, it is of some interest to determine whether 
or not the type from the asphalt can be regarded with equal right as belonging to a 
large species of tiger. Leidy, in the description of the type specimen of Felis atrox 
from the vicinity of Natchez, Mississippi, was the first to apply the name American 
lion to this species. With regard to the relationship of the Natchez specimen to the 
lion and tiger, it is of interest to note the following statement by Leidy (1853, p. 
320) : “The exact outline of the jaw in the specimen is difficult to ascertain, from its 
thick ferruginous coating, but from several exposed points of the body along its base, 
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Fie. 139—Flis atrox Leidy. Lateral views of skulls; x 1/3. <A, No. 2900-9; B, No. 2900-8; C, No. 2900-4. 
Compare dorsal profiles of these skulls with those of living tiger (see fig. 140, A, B,). Rancho La Brea 
Pleistocene. 
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Fic. 140—Skulls of modern tiger and lioness; lateral views; x 1/3. A, skull of 
tiger (Panthera tigris tigris) from Central Provinces, showing typical shape 
in the Indian race; B, skull of Sumatran tiger (Panthera tigris sumatre) from 
Sungei Kumbang, showing likeness to the lion’s skull; C, skull of lioness from 
Mulema, Uganda, for comparison with A, B. After Pocock. 


it appears to have been a little convex downwards, as is frequently the case in the 
lion. The symphysis rises in the gradual convex manner more usual in the latter than 
in the Tiger. The hiatus anterior to the molars is long, in correspondence with the 
size of the animal, but as in the Lion it rises relatively higher in its advance to the 
canine alveolus than is commonly the case in the Tiger.” 

Large cats, closely related to F’. atrox, were widely distributed over the land 
masses of the northern hemisphere during Quaternary time. Types allied to Felis 
leo spelxa are known not only from localities in western Europe and northern Africa, 
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but have been recorded from Quaternary deposits of Poland, Bessarabia, Russia, and 
more recently by Riabinin (1919) in the Urals and in the region of the Volga. In 
view of this range it should be remembered that the lion today is found in the Ethio- 
pian region and in a restricted section of the northwestern portion of peninsular 
India, while the tiger has likewise a wide distribution in the asiatic area. Pocock 
(1929, p. 509) regards central and northern Asia as the original home of the latter 
species and states that it survives in Mongolia, Amurland, Manchuria and Korea. 
Pocock also calls attention to the former, more northerly distribution of these types 
as indicated by the occurrence of remains indistinguishable from those of modern 
types, in association with mammals of the Glacial Period, in deposits of northern 
Siberia well within the Arctic Circle (Tscherski, J., 1892, pp. 51-64, pl. 1). 

During the Quaternary the known range of the large felines of the Felis atrox 
type in North America extended westward from the Mississippi Valley to the Pacific 
coast and southward to the Mexican Plateau. Of considerable interest is the recently 


iva 


Fig. 141—Outline of nasals and portions of fronto-maxillary suture in skulls 
of Javan and Sumatran tigers. After Pocock. <A. Pantherg tigris 
sondaica Fitzinger, from Probolingo. B, Panthera tigris sumatre Po- 
cock, from Delhi; Xx 3/5. 


recorded occurrence of Felis atrox alaskensis by Frick (1930, pp. 78-79) in the 
tundra region of Alaska. Thus in so far as their distributional areas are concerned, 
the range of the American form might imply a closer relationship between F’. atrox 
and the tiger than between the former species and the lion. Our knowledge, how- 
ever, of the faunal relationships of North America and western Europe during 
Quaternary time is still in a formative stage. 

Aside from the relationships which may exist between the great cats of the 
Quaternary of the New and Old Worlds, it is well to remember that representatives 
of the Felidz may occur in Pliocene deposits of western North America. With acqui- 
sition of more complete materials from the later Tertiary it appears possible that a 
reasonable demonstration of the derivation of the Pleistocene types from antecedent 
forms in the North American area may be effected. Were this ultimately established, 
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the structural characters displayed by F’. atrox might receive added support as point- 
ing toward an ancestral relationship to both the lion and tiger. Let us then consider 
the structural characters of F. atrox with a view to determining the possible re- 
semblances of this form to the lion and tiger, employing in this survey of the Rancho 
La Brea materials the distinguishing features selected by Dawkins and Sanford, 
Boule and others principally in a study of the skulls of the modern species. See also 
the comparisons which have been made in the study of the skull of Felis atrox 
(pp. 168-172). 


Fic. 142—Felis atror Leidy. A, B, skull, No. 2900-4, dorsal and anterior views of muzzle. 
C, D, mandibles, Nos. 2901-5 and 2901-15, lateral views to show variation in profile of 
ventral border; x 1/4. Rancho La Brea Pleistocene. 


I. 14 skulls examined. 

In three the frontal processes of the superior maxillaries reach a level distinctly 
posterior to the posterior ends of the nasals. 

In six the processes reach only slightly behind the level of the ends of the nasals. 

In five the processes reach a level with the posterior ends of the nasals. 

In no instance are the posterior ends of the nasals projected distinctly behind the 
level of the ends of the frontal processes of the superior maxillaries, as in the 
tiger. 


II. 12 skulls examined. 
In one specimen the summit of the frontal process of the maxillary is distinctly acute. 
In nine the summit of this process is more or less acute. 
A slight tendency toward truncation of process is observed in two specimens. 


III. 9 skulls examined. 
In six the nasal bones are flat or slightly concave from their middle back to the 
posterior ends. 
In two the surface is slightly convex. 
In one the surface is more distinctly convex. 
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IV. 12 skulls examined. 

In eleven the widest diameter of the anterior nares occurs immediately below the 
lower outer ends of the nasal bones. From this level the opening narrows be- 
low and the lower margin is perceptibly incised as in the tiger. 

In one specimen the opening appears slightly wider below, but this perhaps is due 
to the worn surface of the bone. 

V. 12 skulls examined. 

In all specimens the interorbital surface formed by the frontals is wide, slightly 
concave in front and more deeply so behind. A deep median concavity is usually 
present behind the fronto-nasal suture. The frontal surface appears to be gen- 
erally flatter in skulls of comparatively young individuals. 


VI. 9 skulls examined. 


In attempting to state the relative position of the fronto-parietal (coronal) suture 
in these specimens the following cranial index was determined: . 


Length from anterior end of premaxillaries to point of intersection of coronal and sagittal sutures x 100 
Length from anterior end of premaxillaries to posterior end of inion 
Three skulls give an index of...... 74 
Two skulls give an index of........ 75 
Three skulls give an index of...... 77 
One skull gives an index of........ 78 


Unfortunately no comparable index is available for modern skulls of the lion 
and tiger. 


VII. 12 skulls examined. 

In eleven skulls the position of the postpalatine foramen is relatively close to the 
orbital border. 

In one skull the position of the foramen is slightly farther forward. 

VIII. 19 mandibles examined. 

In nine specimens the mandible rests on both the inferior end of the symphyseal 
region and the angular process, but the inferior border of the horizontal ramus 
is slightly to noticeably convex beneath the posterior cheek-teeth. 

In one specimen it rests on the two ends of the inferior border and on the convex 
border of the middle portion of the horizontal ramus. 

In nine specimens the convexity of the inferior border of the horizontal ramus is 
sufficiently prominent to cause the jaw not to rest on a plane with both the in- 
ferior end of the symphyseal region and the angular process in contact with 
this surface at the same time. 

IX. 17 mandibles examined. 

In sixteen specimens the coronoid process projects backward beyond the posterior 
end of the condyle. 

In one specimen the coronoid process does not project backward beyond the posterior 
end of the condyle. 

X. Canines with internal face flattened, but perhaps no more so than in the lion. Edges 
well defined; intermediate in their development between those of lion and those 
of tiger. 

XI. Crowns of premolars (P3, P3, and P4) increase in width posteriorly, slightly more so 
than in tiger. Cusps in some of the premolars may be lower than those in lion. 

Skeletal elements—In the humerus of Felis atrox the articular head, when viewed 

from the outer side, appears to extend slightly farther back than in the lion. The upper 
border of the greater tuberosity descends slightly in its forward course and curves gently 
into the anterior border (see figs. 70, 71, B). This curvature does not give a right angle 
where the upper and anterior borders meet as in the modern lion, but it is not so pro- 
nounced as in the tiger. In other words, while F’. atrox resembles the lion in this char- 
acter some approach is also made to the tiger. The characters of the olecranon fossa, as 
distinguished by Boule, are more like those of the tiger than like those of the lion. 
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The radius is relatively heavier than in the lion, but the shaft is less curved than 
in the tiger. 

In the femur of Felis atrow the great trochanter does not project distinctly above 
the level of the head. The proximal end may be level with the proximal surface of the 
head or may reach a point slightly below this level. The digital fossa is relatively small. 

The shaft of the tibia is more curved in its longitudinal extent and in the inferior 
half its cross-section is more rounded than in the tiger. In some specimens from Rancho 
La Brea the shaft is straighter. 


Fie. 1483—Comparative outlines of skulls of Pleistocene felines. a. Felis atror Leidy; 
Rancho La Brea, Calif. b, Felis leo Edwardsi (Bourguignat), Vence Cavern, Maritime 
Alps. After Boule. ec, Felis leo spelea (Goldfuss) ; East side of Ural Mountains, Prov- 
ince of Perm, Russia. After Riabinin. d, Felis spelea Goldfuss; British Pleistocene. 
After Dawkins and Sanford. x 1/3. 


Thus we note that in several characters, as seen especially in the skull, the 
Rancho La Brea species makes a closer approach to the lion than to the tiger. In 
at least two particulars, namely, shape of the external nasal orifice and extent of 
posterior projection of the coronoid process, does Felis atrow resemble the tiger. 
While in some specimens the inferior border of the horizontal ramus may approach 
in straightness that seen in the tiger, it more frequently resembles in its convexity 
that in the lion. 

If we consider the characters which Pocock regards as distinctive on the average 
of the modern tiger, it follows that the large cats of the Felis atrox type from Rancho 
La Brea differ from the latter in possessing less vaulted skulls, shorter and broader 
nasal bones, facial portion of the skulls longer in comparison with the cranial por- 
tion, and in the more convex lower border of the horizontal ramus of the mandible. 
In most of these characters a closer approach is made to the lion. In form of 
anterior narial opening a close approach may be made to the tiger. 

The North American form clearly presents structural characters in which it 
resembles in part the lion and in part the tiger. This combination of characters 
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together with certain primitive features, as for example the relatively smaller size 
of brain, suggests a close approach of F. atrox to the ancestral stock from which 
the large felines of the Old World may have been derived. 


COMPARISON OF THE LARGE EXTINCT CATS OF NORTH AMERICA AND EURASIA 


The large lion, Felis spelza, of the Pleistocene of the Old World, recognized 
and described by Goldfuss (1821) as specifically distinct from the existing lion, is 
now recorded from a number of localities in Eurasia and northern Africa. The 
well-preserved remains of this cat secured in cavern deposits of the British Isles 
were fully discussed and illustrated in the classic monograph by Dawkins and San- 
ford (1866-68). Important materials found at localities widely spread on the con- 
tinent have been described by many students of Quaternary mammalian faunas, 
notably by Boule (1906), Pavlow (1908), Wurm (1912) and Riabinin (1919). 
While most authors have regarded the extinct lion as specifically different from the 
modern form, Boule and more recently Riabinin consider the former type as a racial 
variation of Felis leo. 

If we compare the skulls of F. leo spelzea from the Pleistocene of the French 
caves and of the Ural Mountains with the series of specimens available from Rancho 
La Brea, it becomes evident that the former approach more nearly in size the mean 
rather than the extremes of the skulls from the asphalt. Below is given a table of 
comparative measurements of the Cajare and Vence skulls of Boule, of the Ural 
specimen of Riabinin, and of three skulls of Felis atvoxw chosen from near the mean 
of the Rancho La Brea series. The skull from the Ural Mountains, of which excel- 
lent illustrations are given by Riabinin (1919, pls. 1 to 4) is slightly smaller than 
No. 2900-7 of Felis atrox. 

Not only is there close correspondence in size, but there is likewise considerable 
resemblance in structural details between the American and Eurasiatic types. In 
figure 143 the outline of Riabinin’s specimen, shown in lateral view reversed, is 
superimposed on the outline of skull No. 2900-7 from Rancho La Brea. The former 
skull as represented in this relationship exhibits less vertical depth of muzzle than in 
F. atrox with, however, a larger posterior cranial region than in the latter. The 
asphalt type resembles the Russian form in the expanse of nasal shown in lateral 
view and in the position of the orbit and postorbital processes. The orbit is, how- 
ever, smaller in the latter species, while the paroccipital process is larger than in 
the American form. The shape of the external nares, as viewed from the front, 
resembles that usually seen in skulls of F. atroz. 

In the mandible the ventral outline of the horizontal ramus, position of mental 
foramina, and character of ventral border of masseteric fossa are features in which 
Riabinin’s specimen resembles Felis atrow. The diastema between the alveolus for 
P3 and that for the canine is shorter in the former species than in the latter. In 
the American species, the angle projects downward slightly more and the coronoid 
process is less erect and sweeps backward farther than in the former type. More- 
over, the anterior end of the masseteric fossa is narrower dorso-ventrally than in 
F’, leo spelexa. 

Unfortunately the dentition in the skull from the Ural Mountains is not suffic- 
iently complete to permit of adequate comparisons. The lower teeth are better 
preserved in the mandible which Riabinin refers to Felis leo cf. Edwardsi ( Riabinin, 
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1919, pl. 5). This specimen is nearly comparable in size to mandible No. 2901-5 
of F. atrox from Rancho La Brea. While the length of the cheek-tooth series ap- 
proximates closely that in the latter, the diastema between the alveolus for P3 and 
the lower canine is shorter. There is correspondence between the two types in size 
of canine and in the principal features displayed by the cheek-teeth. In this speci- 
men the front end of the masseteric fossa is again broader in dorso-ventral direc- 
tion than in Ff. atrox, although the difference may not be great. 

The skull from the cavern of Vence, which has been referred to the race F’. leo 
Edwardsi and has been figured by Boule (1906, pl. 3) again exhibits structural fea- 
tures that are similar to or identical with the characters seen in F. atrox. The pro- 


Taste 95—Comparative measurements (in millimeters) of skulls of 
Felis spelea Goldfuss and Felis atrox Leidy 


x Felis Felis Felis Felis 
. |Sandford cee : 
Sandford Tatertiern Sundwig Hill atrox atrox atrox atrox 
List of measurements* Hill Ge British [oe 18, Wj 1846 |] TR Way 183, |] > Wa, 18%, |] LR Io 18%, 
Cave ave | Museum CEE No. No. No. No. 
No. 2 = 
2900-8 | 2900-7 | 2900-5 | 2900-9 
lmBasalelengune (median) ener 330.2 294.6 2,6 Oa Aan ee 321.9 B11837/ 314.6 380.8 
DQ, FROIN WACMIN, co600c000000 00000000 231.4 DEE E(SS len, eene lel [Beets choteer 245 23583 238).3 296.5 
3 Height from palate to supra-orbital....| 124.4 106.6 Abel hisraes tore 120.4 108.9 115.8 138.2 
Ath xtremesleng thers anes arses hen |e aces Soome S045 88 eer ake: 391.9 373.5 367 429.5 
5 Sagittal length of parietal............. ete eine are 101.6 SORS ia eee 115 al07 a90 139.6 
6 Median frontal length................ | 116.8 114.3 IOA I |ococeced 134 CHAS || GA. Si 
(eMiedianwnasalllengtheeeeeerne rer neree Hexen tstea-llipecetrescaptin [parece uot eousins met alsk: 96.3 89.5 91.5 104.1 
8 Maximum parietal width..............| 91.4 88.9 G83 lloosoocce 95.4 96.2 95 97 
©) Mipretoawamn firoymigall Wala. ocoocccaacavccloauvcccs 114.3 O65 au lineyaa cee: 113.3 119.6 | a110.5 | a132 
10 Width at parieto-frontal suture........ 68.5 76.2 63h 5m eae 74.4 79.4 UU sB 87. 
11 Minimum width at orbits............. 81.2 68.5 63N Op Reo eaee 83.6 83 80.3 98 
1D IMereiniien FAChIN OF MAAS. coocaccccncellaccoocce | 63.5 58.4 73.6 64.7 U2 015) 70 a76.6 
13 Malar width at maxillary suture....... 162.5 152.4 149.8 177.8 171.4 167.1 163.6 186.8 
14 Infra-orbital width of maxillaries.......| 101.6 99.0 91.4 TOs | ci Lal aE ea cota | oe eee al ae Des 
15 Width of maxillaries above Pm2.......)........ 99 99 121.9 116.8 112 112.6 2285 
16 Maximum width of premaxillaries......)........ ZU. | = ili 93.9 78.2 81.1 76.5 86.6 
esl cisaltwid theyre yy aia mk oar ee |ebireuce ay ce cos 45.7 45.7 55.8 51.6 51 49 Sil & 
13 leRoOoC@honrall WACK. oocoovsgcanceccccoelleoonaace ONS Ti ce hater ear isc [iota ates ren 109.7 | a108.8 96 123.7 
ORO ccipitaleheis hUaeee ee ened |e ee 99 Nay | Peres ane gal pee Ae ate: 116.1 103.6 106.5 120 
ZO MV stoldal ew cit haere 139.7 134.6 MAF Aes SS oe 144.8 140.8 S82 el Nae 
21 Maximum tympanic width............| 93.9 93.9 Qi A eas eee 112 104 110.2 183.5 
22 Minimum between tympanics.......... 33.0 33.0 atssadl illic ote alae 35 3333...) 34.4 333. 6) 
23 From paroccipital to anterior border o 
ATLLICULAT Sar eT POORLY carer ea lbycucieslcea SILER Ne | aprons || We oars a 89.3 89.6 88.7 102.4 
24 Glenoid cavity to alveolar border. ..... 99.0 88.9 SERS yea 100.4 96.4 92.1 12755. 1 
25 Maximum internal width of zygoma.... 73.6 LS a head | Beets eep|| node bevenes ts 82.4 79 82.1 OS el 
26 Minimum width of posterior nares.....|........]........ SHOW | Seciaraee 37.5 35.5 40 37.8 
2 IMiioiowien joMllaigll WACHIN. .sccccccceccsllocooascellooouoccn AI RY itan| Peetercecie se 78 75.6 75.6 86.1 
28 Maximum width, palatal bones........|........ 88.9 SRA hee ee 88.7 89.1 88.6 100.6 
29 Width of maxillaries at Pm4 (internal)..| 129.5 127 109.2 152.4 125.4 125.7 120.5 140.8 
30 Width at premaxillary suture..........|........ 58.4 50.8 Gili 59.4 59.3 59.5 65.8 
31 Median length of entire palate.........|........|........ 1 O/ Sei cllein.ca. coc 167.3 162.3 161.2 185 
32 From alveolar border of M1 to external 
edgelofspremaxi|l arya ener nena: 134.6 127 | 175.2 132.2 140.6 137 150.3 
33 Lachrymal to infra-orbital process..... 55.8 SOR Sia | Pes cera anal spay tacs 63.5 63 66.3 69.8 
34 Maximum from malar to supra-orbital 
DLO CESS Hester rtaete eon ten ee rae: 73.6 66 6350) ira 86 85.2 81.2 86.7 
35 Thickness of arch of infra-orbital 
LOTAIN CI Peay eee a er ea -Cctu: 15), 15.2 152 22.8 7/1 19.2 15.8 20.5 
36 Maximum width of anterior nares......|........ 55.8 45.7 68.5 63.9 63.2 62.4 67 
37 From posterior palatal foramen to 
posterior edge of palate............. 15.2 NS) 2 15.2 NG 2 0 a 20.8 17.9 1335 0 
38 Temporal length of frontals............ 55.8 55.8 RS a Peceewertar el Prsercintseal Parariaaaisacta| axecccnre el ltensus aia. ccaa 


* The list of measurements and the measurements in the first four columns of table are from W. Boyd Dawkins and 
W. Ayshford Sanford (1868) and are based on skulls from the British Pleistocene. 
a, Approximate. 
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portions of this skull are like those of No. 2900-7 from Rancho La Brea. The 
masseteric fossa does not extend forward below the posterior portion of MI as in 
F. atrox. Likewise the diastema is a trifle shorter. 


Taste 97—Comparative measurements (in millimeters) of skulls of extinct true felines 


F. leo F. leo F' leo 
spelea | Edwardsi| spelxa 


; = F. atrox F. atrox F. atrox 
Tee ; Cajare Vence | Ural Mts. ; 
Measurements | skull skull sjlarill 1, ILj, 18%, IR, I, 18%, IR. by, 183, 


5 . ~ No. 2900-8 | No. 2900-7 . 2900-5 
@iter (Rie (after No 00-8 | No 00-7 | No > | 
Boule) Boule) Riabinin) 


Length in straight line from incisive | 
border to posterior surface of | | | 


OCccipiialucondy] CSteeeeeeeiae 350 320 330 348.7 336.6 332 
] Moxie Nemegen. oo ccsscoocvcvceo0ndes 393 393 355 391.9 2.8 || SB 
Greatest width across zygomatic arch. 265 | 241 244 245 235.3 | 238.3 
Length of canine at alveolar margin. | 27 27 30 30.5 352i wie scoot 
Palen eth gm as parse star: Baan Ail 9 | 9 10 9 9.8 ) 
ifeleo lene thieeycra se ease, eee ey te 26 26 | 255.5, We 3 26.7 25.6 
PAslenethte ns ee re ee 37 39 332/ 40.3 40 39 
ICL Whcsaied nie ete ers see eee a | ee (ea) es Se ox elec Pm || me eet 
Mt ivid Cheeni Sines rete LOW |p eos || NG be eeawe Se Seas Semen | eee 
| Miam@Hsle...o0ccecc000. Sod arte sit eters | .. |...  |No. 2901-16] No. 2901-7 | No. 2901-5 


ats Wy, 1B} IRR I, 18%, Io Ibn 18%, 
Length from incisive border to | | 


condyleuenenaee SECre Bee Poe 254 235 | 238 242 242 243.8 
Height in front of P3... oe. Ronee 47 A7 | AGT OS | agar sare 47 |  cn00e 
Height behind MI.......... : 54a 51 55 | ASS Rl, | 49.7 
C, length at alveolar border...... 23 24 29 25.8 a29 | 2On2 
Pa elena thtne er aa eet ncn ons. 20 1S 19 | 18.2 18.9 | 18) 1 
FHL esSUN, 5 o gaan come ene aie oul 26 28 | 27 26.4 Pot | 28.7 
IPL, WAGKIN. concoooesoecc Pete!) hls 3 | I | 19,6 3.6 | iw 
Mil leno thier eye ieee mises ae 28 29 | 28 28.3 Zao. | 28.5 

BIVIS AR Wi Cheer Se ee yee tae ie 15 14 14.5 13 14.6 | 14.9 


a, Approximate. 


In P3 of F. atrox the cusp anterior to the principal cusp lies more noticeably 
to the inner side of the median fore and aft axis of the tooth than in the specimen 
described by Boule. This is clearly seen when comparison is made with the illus- 
tration of the upper cheek-teeth of the Vence skull (Boule, 1906, pl. 3, figs. 2, 2a). 
In the Californian specimens the greatest transverse swelling of the crown of P3 
is slightly farther back than in F’. leo Edwardsi. Moreover, while P4 in the latter 
compares favorably in length with the upper carnassial of No. 2900-7, its width 
particularly across the protocone is somewhat greater, although it does not exceed 
in this measurement P4 of somewhat larger skulls from Rancho La Brea. The 
paracone in this tooth may not stand quite so high as in F. atrow. There are no 
marked differences in the lower teeth. 

Measurements of the principal skeletal elements of the Cajare and Vence 
skeletons, as given by Boule, are listed in table 98. In the third column of this 
table are given the comparable measurements of Felis atrox. Individual measure- 
ments of the latter type represent the average of the measured specimens from 
Rancho La Brea. While we may conclude from the comparisons that individuals of 
Felis atrox of average size were slightly larger than either the Cajare or Vence 
animals, this difference is not very great. 

Skulls and teeth of Felis spelea from the British Pleistocene, described by 
Dawkins and Sanford, include both large and small forms. Judging from the 
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measurements given by these authors this species was apparently subject to con- 
siderable variation in size, in which respect there is resemblance to the American 
type. In measurements of individual teeth and of some skeletal elements occasional 
specimens are found to be actually larger than the largest types of F. atrox recorded 
from Rancho La Brea. In tables 95, 96 are given the measurements of the skull and 
mandible in British specimens, after Dawkins and Sanford, followed by compar- 
able measurements of some of the specimens from the asphalt. 


Taste 98—Measurements (in millimeters) of skeletal elements 
of extinct true felines 


Cajare Vence | Felis atrox 
skeleton | skeleton Leidy 
(after (after ave. of 
Boule) Boule) | meas.spec. 
Seapula: 
Greatest diameter of the glenoid 
CAVA Aerie mersanioch okie emetne 62 59 76 
Humerus: 
Totalilengthschc cence eee 380 336 368 .5 
Anteroposterior diameter at middle. 55 58 60.3 
Transverse diameter at middle... . 36 33 36.7 
Maximum width of distal extremity. 102 88 100 
iWidthrofatrochleasseeeeea een 66 65 
Radius: 
Totalilength anys nee ae ee re 327 308 344.5 
Greatest diameter of articulating 
CUD. 2 Rate Seen oe ens 45 41 51.3 
Smallest diameter of articulating 
CUD nares nie KOA feet ee eS 31 31 38 3 
Anteroposterior diameter at middle 23 39 23.4 
Transverse diameter............. 37 40 38.4 
Width of distal extremity......... 71 69 68.4 
Width of carpal articulation...... 48 48 
Ulna: 
otalilength’. 35: otic 403 379 416 
Metacarpal ITT: : 
Motalilengthiaen, . eerie debe 121 120 126.6 
Transverse diameter at middle. ... 17 17 NG 2 
Femur: 
Rotalilength=..a ye sores eee 410 382 421.3 
Anteroposterior diameter at middle. 33 33 SONS 
Transverse diameter at middle... . 37 36 39 
Width across condyles............ 88 84 90.8 
Tibia: | 
Motalilengs thinner Cone ee 353 341 361.7 
Transverse diameter of proximal 
EX tremitys ein ee ee 93 91 97.9 
Anteroposterior diameter at middle. 38 41 
Transverse diameter at middle... . 36 33 36.4 
Transverse diameter of distal 
Extremityn-n. aoe ae 64 63 67.5 
Fibula: 
Maximum thickness at middle. ... 16 ae 16.1 
Metatarsal IIT: 
‘otaltlength tn. too mace 144 137 146.1 
Transverse diameter at middle.... 20 20 21.3 


In the series of measurements recorded for nine specimens of both P3 and P4 of 
F’, spelxa, the greatest anteroposterior diameters are seen to be slightly in excess 
of those in the largest skull (No. 2900-3) of the Museum collection from Rancho 
La Brea. Similar measurements for P4 and M1 reveal a closer resemblance between 


F. spelea and F. atrow. 
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A comparison of the structural details of the crowns of individual teeth em- 
phasizes again the essential similarity between Felis atrox and F. spelxa. In the 
latter the incisors, both upper and lower, have longer fangs than in the true cat of the 
asphalt. The roots of the lower incisors appear, however, to be slightly wider in 
Ith, GHUROBR. 


RELATIONSHIP OF FELIS ATROX TO THE JAGUAR 


In nearly all of the characters in which the jaguar differs decidedly from the 
puma (see below under the discussion of the puma the list of comparative characters) 
this cat resembles the large true felids of the Quaternary of the northern hemisphere. 


_ Fre. 144—Skull of modern jaguar Felis onca, No. 9703 U.S. N. M.; x 1/2. A, lateral view; 
B, dorsal view of facial region; C, anterior view; D, lateral view of mandible. 
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The jaguar resembles Felis atrox in the shape and proportions of the skull (com- 
pare cranial indices), in shape of occiput, and in the important features of the 
basicranial region. The latter characters are shown in figure 145, A to D. In the 
structure of the anterior end of the tympanic bulla and particularly the forward 
extension of the ectotympanic process (fig. 145, A, ec. p.) the jaguar is more like the 
lion and Felis atrow than like the puma. The entotympanic process (en. p.) is 
flattened as in F’. atrox, not ridged as it usually is in the puma. In the mandible 
considerable similarity is to be noted between the jaguar and F. atrox in the de- 
velopment of the angle and in the form and depth of the anterior end of the masse- 
teric fossa. 

The principal differences in the skull between the jaguar and the large Pleisto- 
cene cat of North America are (1) smaller size, (2) narrower frontal development 
between orbits and an average greater bizygomatic width, (3) greater median 
indentation of the postnarial border of the palatine, (4) greater development of 
lachrymal eminence. Additional differences may be noted. These are however not 
always constant when comparisons are made with all the skulls in the Ranch La 
Brea collection. When the jaguar skull is viewed from in front the orbits appear to 
be round-oval with long diameter relatively not so great as in Ff. atrox. The ex- 
ternal nares may be quite narrow in the jaguar, although the nasals are relatively 
broad. Moreover, the outer forward ends of the nasals may be relatively heavier 
than in F’ atrow. 

The maxillary region lying between the orbital rim and the nasal boundary is 
depressed somewhat more than in the Rancho La Brea species, although this char- 
acter may occur in some specimens (No. 2900-4) from the asphalt as well as in the 
modern lion. The depression of the maxillary tends to accentuate the difference 
in slope between the side of the face and the dorsal surface of the nasals. In the 
jaguar this angulation of the lateral and dorsal surface of the face may be carried 
backward on the frontal so that the surface above the dorsal rim of the orbit is dis- 
tinct from the upper surface of the frontal sloping inward to the median line. 

When the face is viewed from the side the upper end of the maxillary, as meas- 
ured between the nasal and orbital borders, is narrower in the jaguar than in the 
lion and in F’. atvoxw. The transverse narrowing of the skull across the frontals behind 
the postorbital processes appears to be distinctly greater in the jaguar than in the 
Pleistocene species. However, a tendency toward this narrowing is seen in specimen 
No. 2900-8 and in No. 2900-9. The latter skull, it should be recalled, is featured 
by a distinctly large bizygomatic width. The brain-case in the jaguar exhibits 
relatively greater lateral expansion than in the Pleistocene species. The post- 
palatine foramina are usually somewhat farther removed from the orbital border 
than in F. atrox. The postnarial passage gives the appearance of being longer in 
proportion to its width. However, in narrowness of the postnarial passage Felis 
atrox is intermediate between the jaguar and the African lion. In F. atrow the 
median portion of the palatine, forming a floor to this passage, appears to extend 
slightly farther back than in the jaguar. Of perhaps greater importance is the 
anteroposterior extent of the pterygoid plate, which may be as great as or even 
greater than that in the skulls from the asphalt. 

The mandible in the jaguar may rest on a flat surface with the symphyseal 
end and angle touching this surface. Specimens are available in which a third 
point of contact with the flat surface may be established by the convex inferior 
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Fie. 145—Comparative views of basicranial region of skulls. A, Felis onca; B, Felis leo; C, Felis atrox; D, Felis concolor; 
x 2/3. f.o., foramen ovale; s.f., stylomastoid foramen; f.l.p., foramen lacerum posterius; ¢.f., condylar foramen; v.1.c., 
canal for Vidian nerve; n., median notch in posterior palatine border of palate; en.p., entotympanic process; ec.p., ecto- 
tympanic process; pg.p., postglenoid process; m.p., mastoid process; p.p., paroccipital process; t.hy., tympanohyal pit. 
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border of the horizontal ramus. In other specimens the convexity of the inferior 
border is such as to prevent the contact of the angle and the symphyseal end with 
a horizontal plane at the same time. In other words, the range in variation of this 
character appears to be as great in the living species as in F. atrow. The backward 
sweep of the coronoid process is not so great in the jaguar as in the Rancho La Brea 
form. The shape of this process is also somewhat different for the lower half is 
broader anteroposteriorly than in the extinct cat from the asphalt. 

In the dentition there is again a much greater resemblance between the jaguar 
and the great Quaternary cats of the northern hemisphere, including F. atrow, than 
between the former type and the living or fossil pumas. In P3 the anterior end may 
be relatively narrower transversely than in Felis atrow. The principal cusp in this 
tooth and in P3 may be lower than in the living lion, in which respect a greater 
resemblance exists with at least some specimens from the asphalt. 


- 


A A B B 


Fig. 146—Comparative views of humeri. A, A’, Felis onca, lateral and anterior views; B, B‘, 
Felis bituminosa n. sp., No. X8809 L. A. Mus. Coll.; lateral and anterior views; x 1/2. 


Comparison of appendicular elements.—Resemblance between Felis atrow and 
the jaguar is seen in the profile of the greater tuberosity of the humerus (compare 
fig. 71B and fig. 146A). Less difference in this character is presented by the modern 
lion (see p. 182, fig. 9) than by the puma (fig. 146, B, B’). 

The ulna of the jaguar, in radial aspect, is straighter in its longitudinal extent 
than in either the lion or in F’. atvox. In the latter forms the end opposite and above 
the greater sigmoid cavity sweeps backward more than in the jaguar, and gives a 
somewhat different appearance to this portion of the ulna. Moreover, the olecranon 
process projects relatively farther above the sigmoid notch in the jaguar than in the 
lion and in the form from the asphalt. F’. atrow deviates less from the jaguar in 
this character than does the African lion. When viewed from in front the anterior 
surface of the process above the notch is broadly rounded transversely, whereas in 
F. atvow and in F. leo a sharp ridge is usually developed. The fossa on the proximal 
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surface of the olecranon process is shallower in the jaguar and the eminence on each 
side of the forward end of the fossa is not so conspicuous as in the extinct cat and 
in F’, leo. 

The metapodials, particularly the third, when viewed from the side show more 
bowing in their longitudinal extent in the jaguar than in F. atrow. In this char- 
acter the latter form likewise exhibits a greater resemblance to the lion. 

Differences in the proportions of the principal limb segments have already 
been noted (see page 111). 

That there are important resemblances between the Rancho La Brea Felis atrox 
and the living jaguar may well be expected. In this connection it is interesting to 
mention that Freudenberg (1910, pp. 230-231) speaks of Felis imperialis as a giant 
jaguar. Doubtless the jaguars find their ancestry in antecedent forms of the North 
American later Cenozoic and the large cats of the Felis atrox type may be regarded 
as the last representatives of a group whose lineage leads back to the stem from 
which these southern Nearctic and Neotropical species have also been derived. 

The differences which prevail between the jaguar and F. atrow are certainly 
not of the fundamental order seen to exist between the jaguar and the puma. 
Rather are they to be regarded as the result of adjustments whose impress during 
the Quaternary has developed in Felis atrox a creature like the jaguar but with 
certain lion-like characteristics. Recognition of the wide distribution of the great 
cats of the Pleistocene over the northern hemisphere, and of the relationship existing 
between F’. atrox and the jaguar, furnishes added reasons for regarding all these 
forms as of a distinct group to which the name Panthera might be applied. 

The history of the great cats of the Felis atrox type and of the jaguars may 
parallel that of the great short-faced bears and of the spectacle bear in the New 
World. Presumably in each instance the living form is related rather closely to 
the extinct type. Moreover, insofar as an independent history is concerned, the 
puma would have a relationship to this branch of the Feline similar to that of the 
black bear—grizzly bear group to the Tremarctine. 


SMALLER CATS OF THE GENERA FELIS AND LYNX 


Remains of pumas from the asphalt are distinctly less numerous than those 
of the larger cats of the Felis atrox group. At least two and possibly three forms 
are to be distinguished on the basis of the material available. Of the two types 
of pumas recognized as specifically distinct from the modern Felis concolor, F. dag- 
getti is regarded as differing to a greater degree and is more widely divergent from 
this species than is F’. bitwminosa. Some jaw specimens in the collection can not be 
distinguished readily from those of F’. concolor. Possibly the latter form was also 
present in the Pleistocene fauna. On the other hand, the range of variation in 
size of jaw and teeth in F’. bituminosa may have been greater in that species than 
in the existing F’. concolor and of such extent as to include individuals which, in at 
least character of size, are indistinguishable from the latter species. The series of 
specimens from the asphalt is not however sufficiently large nor continuous to 
demonstrate this definitely. The species Felis concolor is therefore retained, at 
least for the present, in the list of cats from Rancho La Brea. 

The skull and dentition in these cats present so many points of contrast with 
those of the jaguars that in many instances a ready identification of specimens can 
be made. Before referring more particularly to the characters of the pumas from 
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Rancho La Brea, a list of the important differences in skull and dentition between 
the puma and jaguar will serve to indicate how remote their relationships are and 


how distinct their antecedent histories must have been (vide supra). 


The com- 


parisons are based on large series of skulls of modern types in the collections of the 
U. S. National Museum. 


COMPARISON OF SKULL AND DENTITION OF PUMA AND JAGUAR 


Side view of skull: 


Jugal: 


Lachrymal: 


Nasals: 


Occiput: 


Felis concolor 


Plane of anterior two-thirds of 
nasals descends more _ sharply 
downward than posterior third; 
the change in slope occurring 
where these two portions meet. 


Sagittal crest when well developed 
frequently reaches greatest eleva- 
tion in mid-section of parietal and 
from this point descends to lamb- 
doidal crests. 


Conspicuous lachrymal eminence 
absent. Weakly developed in a few 
specimens. 


Posterior end reaches behind line 
connecting posterior ends of 
fronto-maxillary sutures usually 
distinctly farther than in jaguar. 


Lambdoidal crests display a full 
lateral development. Inion with 
recessed dorsal border. 


Felis oneca 

Felis hernandesti 
Plane of nasals descends 
evenly from posterior end to 
anterior end. 


In male skulls sagittal crest 
reaches highest point where 
it meets lambdoidal crests, 
giving considerable promi- 
nence to this region. 


Inner anterior portion over- 
laps maxillary to less extent 
above infraorbital canal than 
in puma. As seen from in 
front there is a greater ex- 
panse of maxillary above 
upper rim of foramen than in 
puma. 


Frequently has greater facial 
development than in puma 
and lachrymal foramen is 
situated closer to orbital rim. 
Conspicuous lachrymal emi- 
nence which in some speci- 
mens becomes very promi- 
nent. 


Broad; less noticeably taper- 
ing posteriorly than in puma. 


Posterior end reaches line 
connecting posterior ends of 
fronto-maxillary sutures or 
reaches point slightly behind 
this line. 


Narrows noticeably upward 
above foramen magnum and 
lambdoidal crests without full 
lateral development. Inion 
well developed. 
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Mastoid: 


Bulla: 


Posterior nares: 


Postpalatine 
foramina: 
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Felis concolor 


Antero-internal process is fre- 
quently compressed transversely 
forming a wall which projects 
downward from its position ad- 
jacent to the canal for the Vidian 
nerve. 


Postnarial passages broad. 


Notch shallow, widely open pos- 
teriorly. 


Felis oneca 
Felis hernandesii 


Mastoid process projects more 
directly outward, less _ for- 
ward than in puma. Mastoid 
and paroccipital ‘processes dis- 
play greater individuality 
than in puma. Mastoid proc- 
ess conspicuous because of 
lateral development and 
clearly defined separation of 
an antero-external and a pos- 
tero-external or posterior sur- 
face. 


Antero-internal process of en- 
totympanic flattened and con- 
spicuous in ventral view as it 
reaches over basisphenoid. 


Forward fringe of ecto- 
tympanic lying beneath for- 
amen lacerum medius is much 
more conspicuous than in the 
puma. Laterally this fringe 
is carried forward as an 
antero-external process much 
farther than in puma. In 
some skulls anterior end 
reaches point in front of level 
of inner surface of postgle- 
noid process. 


Bulla exhibits less pronounced 
elongation in anterointernal- 
posteroexternal direction and 
appears less inflated than in 
puma. 


Postnarial passage walled by 
palatines and pterygoids is 
narrow. 


Median portion of palatine 
border deeply notched. 


Situated closer to orbital rim 
of palate than in puma. 
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Felis concolor Felis onca 
Felis hernandesti 
Premaxillaries: Anterior border convex forward. Anterior border tends to be 
In ventral view crowns of incisors concave forward. Viewed 
are seen to lie back of border. from ventral side crowns of 


upper incisors obscure ante- 
rior border. 


Mandible: Anterior end of masseteric fossa Forward end of masseteric 
reaches a point below and behind fossa narrows dorsoventrally. 
posterior end of M1. Anterior end of fossa reaches 

point below posterior portion 
of M1. 
Angle projects conspicuously back- Angle does not project con- 
ward. spicuously backward but is 
well developed in dorsoventral 
direction. 
1233 Antero-internal cusp usually 


more prominently developed 
than in puma. 


P3 Height of principal cusp, rela- 
tive to basal length of cusp, 
not so great as in puma. 


P4 Length, relative to length of 
M1, greater than in puma. 


FELIS DAGGETTI MERRIAM 


This species of puma from Rancho La Brea was described by J. C. Merriam 
(1918B) and based on a left ramus of the mandible (plate 42, fig. 6) No. 21572 
Univ. Calif. Coll. from locality 2050. Several more fragmentary specimens from 
the asphalt evidently show the same characters seen in Felis daggetti and may 
belong to the same species. 

As indicated in the original description the type specimen has approximately 
the dimensions seen in the Recent puma of California, but is. distinguished by 
unusual massiveness of the cheek-teeth and of the jaw, by unusual width of the 
angle of the mandible, and by the decided backward curve or sweep of the coronoid 
process compared with that in Recent pumas. 

Felis daggetti represents an animal equaling or perhaps exceeding in size the 
largest pumas of the present day. Ina series of modern skulls of F'. concolor whose 
measurements are given in Table 106, the largest specimen is No. 108681 U. S. 
National Museum. This individual, a male, exceeds the type of F. daggetti in 
several measurements, but the massiveness of the ramus and dentition in the latter 
is clearly shown. The relatively large size and massiveness of the cheek-teeth, the 
extreme width of the posterior region of P3 and P4, and the stronger backward 
curvature of the long coronoid process are features in which No. 21572 differs most 
noticeably from pumas of the F’. concolor group. 
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No. 21572 is clearly allied with the pumas rather than with the jaguars and 
differs from the latter in the shape and direction of the angle, in the narrowness of 
the base of the coronoid process and to some extent in the greater degree of back- 
ward curvature of this process, in the height of the principal cusp in P3, in the 
greater width of P3 and P4, in the more massive lower cheek-teeth, and in the 
relatively shorter anteroposterior diameter of P4. 

Among the skeletal remains in the Los Angeles Museum collection representing 
the pumas from the asphalt are several specimens which, although resembling some- 
what in length the comparable elements that have been referred to Felis bituminosa, 
are distinctly heavier and differ in certain structural details. 

No. X8805, a left humerus lacking the proximal epiphysis, resembles the com- 
parable element in the puma and differs from that in the jaguar in several char- 
acters. Although the bicipital crest is not clearly defined in this specimen the point 
of union of this crest and the deltoid ridge is situated higher on the front face of 
the shaft than in the jaguar. Moreover, the supra-condylar ridge of the outer side 
resembles much more nearly in its development and in its straight course upward 
and inward that in the puma than that in the jaguar. In the characters which have 
been noted the jaguar resembles much more closely the large Felis atrow. 

No. X8805 differs from No. X8809, a specimen referred to F. bituminosa, in 
greater length and more particularly in massiveness as exhibited by the shaft and 
distal extremity. The olecranon fossa is large. Possibly No. X8805 represents a 
large male individual of the species F. bituminosa. However, among the several 
specimens of the humerus referred to the latter species none reaches the size seen in 
No. X8805. 

A comparable or even greater difference in size and massiveness is revealed 
in a comparison between an adult femur, No. X8848, referred tentatively to Felis 
daggetti, and femora referred to F. bituminosa (see fig. 147). This specimen is 
slightly longer than the comparable element in the puma, but is decidedly heavier. 
It is distinctly larger than femora of the jaguar available for comparison and 
shorter than the shortest femur referred to Felis atrow. In heaviness of shaft and 
in narrowness of intercondyloid notch this element resembles Smilodon. With in- 
crease in width of shaft there is a tendency to flatten this portion of the femur, 
in which respect again a greater resemblance to the sabre-tooth is indicated. The 
noticeable transverse widening of the femur from a point near the middle of the 
shaft toward the extremities seen in Smilodon is not so evident in No. X8848. The 
latter type differs furthermore from Smilodon in the characters of the proximal 
end, in which respect it is more like the true cats. The rugose area on the postero- 
lateral surface of the shaft above the outer condyle is much more strongly marked 
than in the sabre-tooth and resembles that in the puma from Rancho La Brea. The 
patellar surface is broad, much more so than in femora of the puma which display 
a shorter length. 

No. X8848 is presumably longer than the estimated length of femur in Smilodon 
californicus brevipes. No femur having the outstanding characteristics of Smilo- 
don and which might be correlated with the shortened metapodials referred to this 
variety has been noted in the collection from Rancho La Brea. No. X8848 ap- 
pears to represent a true cat. The difference in size between this specimen and 
femora regarded as representing either Felis bituminosa or F. concolor may be 
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correlated perhaps with the differences in size of ramus and lower teeth in these 
forms. 

A comparison with the jaguar is based on a limited number of specimens. The 
femur in one individual of Felis onca, No. 12296 U.S. N. M., exhibits a relatively 
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tg. 147—Comparative views of femora. A, A’, Felis, possibly daggetti Merriam, No. X8848; B, B’, 
Felis bituminosa, n. sp., No. X8846; anterior and posterior views; X 1/2. Rancho La Brea Pleistocene. 


wider shaft at the middle than in the puma. The shaft throughout its length is 
narrower in anteroposterior direction. In the latter character a possible resemb- 
lance is seen to the femur from the asphalt. The great trochanter projects well 
above the level of the head, in which respect No. 12296 differs from femora of 
F.. concolor, F. bituminosa, and from No. X8848. The intercondyloid area is nar- 
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row, more so than in the puma. In this character there is again resemblance to 
No. X8848. The rugose area above the outer condyle is conspicuous and while 
similarly developed in a femur of F’. concolor or F. bituminosa and in No. X8848, 
is much less in evidence in a specimen (No. 4968 U.S. N. M.) of the modern puma. 
No. X8848 (compare fig. 147, A, A’ and B, B’) is featured by unusual massive- 
ness, as exhibited particularly by the shaft, by relatively small size of the lesser 
trochanter, large size of digital fossa with corresponding narrow wall laterally 
adjacent to fossa, more directly inwardly projecting surface of the head, by unusual 
narrowness of intercondylar space, and by unusual width of patellar surface. 


TasLe 109—Measurements (in millimeters) of femur 


Felis 
possibly Felis 
daggetti bituminosa 
No. X8848 No. X8846 
Greatest length from top of head to distal condyles, measured parallel to 
er? ATS OW HEAP o0000000000000000000000000000600606000000000000000 294. 287. 
Transverse diameter of proximal end, outer face of greater trochanter to 
inner side of head, taken normal to median longitudinal plane.......... 
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Greatest antero-posterior diameter of the distal extremity, at right angles 
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tO lomerinnchinall axis OF TEMP 5 >50000000000000000000000000000500000006 DS! 51.5 
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Giantess aianchin OF immeRcomehlaye MOWEN sococcc0sc0500000000000000000000000 12.2 14.4 
Greatest width of articular surface of inner condyle .....................- 22.5 16.6 


FELIS BITUMINOSA, N. SP. 


Holotype, No. X8628 L. A. Mus. Coll., plate 41, figs. 1-3. 

Referred specimen, No. X8629 L. A. Mus. Coll., plate 42, figs. 8-9. 

Specific characters.—Differs from Felis daggetti and resembles modern pumas 
in size. Differs from Felis concolor in broader interpterygoid fossa, with sides more 
markedly divergent posteriorly. The auditory bulle are more flattened anteriorly, 
the anterior margin forming a more nearly even transverse line. Dentition is rela- 
tively heavy. 

We are indebted to Mr. E. A. Gold- 
man, senior biologist of the U. S. Biological 
Survey, for his kindness in pointing out the 
differences between this type from Rancho 
La Brea and the modern species Felis con- 
color based on comparisons made with a 
very large series of modern skulls at his 
command. Mr. Goldman calls attention also 
to the shallowness of the fronto-nasal pit in 
the asphalt type. In No. X8628 the sagittal 
crest appears straighter and the frontal 
above the supra-orbital rim is flattened 


somewhat more than in existing puma Ye 
skulls. The posterior end of the tympanic 

: * * Fig. 148—Study of the head of the puma (Felis 
bulla is narrower than in specimens of the bituminosa, n. sp.). Lateral view, greatiy 


North American puma and in this character reduced. Restoration by Charles R. Knight 
the material from the Rancho La Brea Pleis- under direction of J. C. Merriam. 
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tocene resembles skulls of South American representatives of the puma group. The 
lower jaw does not have the pronounced curvature of the ventral border seen in 
F’, daggetti, nor does the coronoid process show the backward sweep seen in the latter. 

This species is clearly more closely related in structural characters and in size to 
F.. concolor than is F. daggetti. To it are referred not only the second skull, No. 
X8629, but also the greater number of scattered skeletal elements of pumas from 
the asphalt deposits. 


LYNX RUFA FISCHERI MERRIAM 


Lynx californicus fischeri, n. var. Merriam, John C., Univ. Calif. Publ., Bull. 
Dept. Geol., vol. 5, p. 395, 1910. 

Type specimen.—No. 11287, Univ. Calif. Col. Vert. Pale. Rancho La Brea, 
California. 

Type description.—Two small cats of the Felis type are represented in the asphalt 
fauna by lower jaws. One specimen closely resembles in all of its characters Lynx 
californicus found at the present time in southern California. In another form which 
is made the type of the new variety, fischeri, the jaw has about the same length as in 
the living species but is much more slender and the carnassial is somewhat larger. As 
yet incomplete skeleton material of this form has been obtained. 


Measurements 
No. 11287 
Length, posterior side of canine alveolus to posterior side of MI 33.9 mm. 
Viianteropostenionaciame te lantern tert inriner nnn rien 11.2 
Height of mandible below protoconid of MI .................-. 12.2 
Thickness of mandible below protoconid of MI ................ Usd) 


Additional materials of Pleistocene wildcats now available in the collections of 
the Los Angeles Museum include a nearly complete skull, several fragmentary rami 
of the lower jaw and a number of scattered skeletal elements. It is clear from the 
numerical representation that the wildcat, like the mountain lion, is not found so 
abundantly in the asphalt as the sabre-tooth or Felis atrow. 

The lower jaw specimens show considerable range in size. At least two rami, 
No. X9490 and No. X9262 are characterized by relatively large cheek-teeth, in which 
respect these specimens differ noticeably from living representatives of the Lynw rufa 
group and approach the Canada lynx. While in these two rami the horizontal portion 
of the jaw is larger than in the type of L. r. fischeri the presence of cheek-teeth 
larger than those occurring typically in the Recent geographic races of L. rufa may 
for the present be sufficient reason for referring the specimens to Merriam’s variety. 

In characters of lower jaw, mentioned below, distinguishing rufa from cana- 
densis, No. X9490 and No. X9262 differ from the latter and resemble the former. 

Comparisons of the skull have been made with the splendid series of specimens 
in the collections of the California Museum of Vertebrate Zoology. Materials avail- 
able here represent the several sub-species known from the Californian region, 
namely Lynx rufa pallescens, L. vr. fasciatus, L. r. baileyi, and L. rv. californicus, and 
the Canada lynx (Lynx canadensis) of more northerly distribution. In the study of 
the modern types, particularly from California, frequent reference was made to the 
revision of the genus Lynx occurring in this area by Grinnell and Dixon .' 

Grinnell, J. and J. Dixon, Uniy. Calif. Pub. Zool., vol. 21, pp. 339-354, pl. 11, 1 fig. in text, 1924. 
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The Canada lynx, Lynx canadensis, is readily separated from the species L. rufa 
on the basis of characters observed in the skull. The following are some of the more 
evident differences: 


Fie. 149—Comparative ventral views of skulls. A, Lynx rufa; B, Lynx canadensis; x 2/3. Note particularly 
differences in position of postpalatine foramina, size of postorbital processes of fronta:s and shape of 
presphenoid. 


1. Large size (L. canadensis compares favorably with L. rufa pallescens 
in this character. ) 

Relatively small auditory bulle. 

Postpalatine foramina situated nearer to orbital rim of palate. 
Associated with this is the greater forward extent of the palatine as 
outlined by the maxillo-palatine suture. 

4. Shape of presphenoid. In canadensis this element, as seen in ventral 
view (compare figure 149, B and A) is contracted anteroposteriorly 
and widened transversely. In vwfa the presphenoid is elongate and 
narrow. 

Small postorbital process (see breadth index of postorbital processes) . 

Condyle of ramus with shortened transverse diameter. 


1 


SO 


Correlated with the larger skull size in canadensis is the heavier dentition as 
exhibited especially by the cheek-teeth in this form. Evidently in the lower jaw the 
most constant difference between the two species occurs in the width of the condyle. 
The angle appears to be less prominent in canadensis than in rufa, a difference 
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seen chiefly in a comparison of adult specimens. The masseteric fossa is deeper 
in canadensis. In the latter form the distance from the posterior end of M1 to the 
condyle is relatively shorter than in rufa, a difference which is presumably due to 
the presence of larger teeth in canadensis. The coronoid process appears to be rela- 
tively shorter in the latter than in rufa. 

The characters displayed by the skull, No. X9489 (plate 42, figs. 1-3), from 
Rancho La Brea, clearly indicate that the Pleistocene type is widely removed 
from Lynx canadensis and much more closely related to the Lynx rufa group. The 
largest representatives of the latter species occurring today in the Californian region 
belong to L. r. pallescens. The Rancho La Brea specimen is smaller than typical 
skulls belonging to members of this geographic race. No. X9489 is larger than 
skulls of average individuals of L. 7. californicus and compares more favorably in 
size with representatives of L. vr. baileyi. Unfortunately, no typical representatives 
of the northwest race of wildeat, L. 7. fasciatus, were available for comparison. 
No. X9489 is featured by the large size of the tympanic bulla. These structures 
approach each other more closely in the region of 
the basioccipital in the asphalt specimen than in 
most skulls of the Recent species. In at least one 
skull of Lynxw rufa baileyi in the collection of the 
Museum of Vertebrate Zoology, No. 7087, are the 
bulle as large as in X9489. Moreover, in skulls 
7150, 7085, 31998 of L. vr. baileyi and in No. 18995 
of L. v. fasciatus is the distance separating the bul- 
le no greater than in the Pleistocene skull. Lastly, 
the occiput in No. X9489 is distinctly narrow dor- 
sally and no skull of the modern types has been 
observed in which the narrowing of this region is 
as great as in the former specimen. The teeth in 
No. X9489 do not appear to differ noticeably in size 
from those of L. rufa. It is possible that the su- 
perior dentition is slightly heavier than that in 


Te Sas ae eee eae et va average individuals of the rufa group. In P3 the 
Ai bien. ¢ ae ; ! 
Merriam). Lateral view, greatly posterior tubercle has undergone some reduction 
medias | luesvonatiion ly Chanites and this feature gives added prominence to the 
R. Knight under direction of J. C. A 
Merriam. median cusp. Presumably the tubercle has been 


reduced by wear and this attrition occurs in P3 of 
both right and left sides. 

Absence of a character which might reasonably be expected if the skull belongs 
to Lynx rufa fischeri, namely enlargement of the cheek-teeth, may indicate that 
No. X9489 is more closely related to existing forms than are the type of L. r. fischeri 
and the remaining specimens which have been referred to the latter form. Indeed, 
lower jaw fragments, including No. X9077, are available which resemble closely 
the existing races of the Californian region in character of dentition. On the 
other hand, the presence of at least one feature in the skull, namely the relatively 
great narrowing dorsally of the occiput, serves to distinguish No. X9489 from the 
living forms unless ultimately found in a skull of a Recent wildcat, and the specimen 
is therefore assigned for the present to L. r. fischeri. 
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224 THE FELIDZ OF RANCHO LA BREA 


OCCURRENCE AND DESCRIPTION OF PLEISTOCENE 
FELIDA IN WESTERN NORTH AMERICA 
PACIFIC COAST PROVINCE 


In the review of the literature relating to the Pleistocene and late Tertiary 
cats of western North America mention has been made of the known occurrences 
of these types. There remain to be considered here the later acquisitions of ma- 


ng? 7° 15° 13° 


O Smilodon 
OO Felis atrox 


Scale 
100 


Fie. 151—Outline map showing Pleistocene occurrences of Smilodon and Felis atrox in western North 
America. 1, Rancho La Brea and vicinity, Los Angeles County; 2, McKittrick, Kern County; 3, Liver- 
more Valley, Alameda County; 4, Hawver Cave, Eldorado County; 5, Carson City, Nevada (occurrence 
questionable) ; 6, Astor Pass, Nevada; 7, Rome, Malheur County, Oregon; 8, Potter Creek Cave, Shasta 
County, California; 9, Washtuckna Lake, Washington. 
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terial and the additional information obtained at new localities. The map, figure 151, 
shows the occurrences of the larger felids in this western region. 

McKittrick, California.—Clearly of major importance is the occurrence of the 
Pleistocene fauna in the asphalt, tar and clay of McKittrick, Kern County, Cali- 
fornia. While collections obtained from these deposits are considerably smaller than 
those from Rancho La Brea, a large and diversified assemblage of mammals and 
birds is now known from the former locality. The Felide are by no means as 
numerous as at Rancho La Brea, but the larger types are represented by the sabre- 
tooth and by the species Felis (Panthera) atrox, while the smaller forms include 
the puma and the wildcat. Materials of the latter form are still incomplete. 

In view of the small number of individuals recorded it is perhaps unsafe to 
draw conclusions as to the factors responsible for the numerical representation of 
individual forms. However, the larger cats apparently do not dominate in num- 
bers the puma and wildcat to the extent seen in the Rancho La Brea fauna. Nor is 
the sabre-tooth cat particularly well represented at this locality. Indeed, there 
is some reason for believing that the great true felines are better represented than is 
the sabre-tooth. 

Skull and skeletal material of the sabre-tooth clearly indicates the presence 
of a form specifically identical with Smilodon californicus. The only skull and 
lower jaw available from the McKittrick deposits is No. 650, Calif. Inst. Tech. Coll. 
Vert. Pale. This belongs to an old individual in which many of the sutures are 
obliterated and practically all the teeth, when not broken, are worn. No. 650 cor- 
responds in size to the larger specimens whose masurements are given in Table 3. 
Indeed, in some measurements of the skull and dentition No. 650 exceeds the 
larger skulls from Rancho La Brea. 

The species Felis atrox was recorded in the original list of the mammals 
found in the McKittrick beds. Skull and skeletal remains indicate the presence of 
several individuals and two nearly complete skulls are now available in the collections 
of the California Institute, Nos. 648 and 649. No. 648 corresponds in size to one 
of the larger skulls of Felis atrox from Rancho La Brea, having a total length and 
a width across the zygomatic arches close to that in No. 2900-9 from the latter 
locality. No. 649, also of an adult, is distinctly smaller than No. 648 and is smaller 
than skulls of average size from Rancho La Brea. In No. 649 the second upper 
premolar is present and measures 8.8 mm. in anteroposterior diameter and 7 mm. in 
transverse diameter. The crown of the tooth resembles that in Felis spelxa. It 
possesses a low ridge extending in the direction of the long diameter with a de- 
pressed area on the inner side and a very small depressed area on the postero- 
external side. 

The puma is represented in the McKittrick assemblage by a skull of an adult 
individual, No. 29524 Univ. Calif. Coll. Unfortunately this specimen is somewhat 
distorted and not completely preserved so that a series of measurements can not 
be given. The teeth, however, are well preserved. No. 29524 is characterized par- 
ticularly by a heavy dentition, the dimensions of the teeth being in excess of those 
for the type of Felis bituminosa (see measurements, Table 107). In size of teeth 
this specimen may resemble Felis daggetti, judged in the light of the lower teeth 
present in the type of the latter species from Rancho La Brea. When No. 29524 
and No. 21572 (type of F. daggetti) are compared with the skull and jaw of F. 
bituminosa (No. X8628) respectively, the differences in size of upper dentitions 
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corresponds closely to that which exists between the lower. No. 29524 may repre- 
sent a large male individual of the F. bitwminosa group or it may be more nearly 
related to F. daggetti. It is provisionally referred to the latter species. 

In P3 the postero-external corner of the crown is prominently developed. For 
measurements of upper teeth see Table 107. 

Los Angeles basin.—Two fused vertebre of a sabre-tooth cat were found dur- 
ing the excavation of section X of the trench for the north outfall sewer of the City 
of Los Angeles in 1924. The locality occurs immediately to the north of the Baldwin 
Hills in the region of Ballona Plain and approximately three miles south and 


Fig. 152—Felis cf. atror Leidy. Fragment of ramus, No. 647, lateral and 
dorsal views; XX 1. Owyhee Pleistocene, Malheur Co., Oregon. 
California Institute of Technology Collections. 


slightly west of Rancho La Brea. The specimens were said to have been found at 
the base of the upper boulder bed exposed in this section. According to Tieje’ this 
boulder bed represents material carried in an ancient stream course through this 
region of the Los Angeles basin in post-upper San Pedro (Palos Verde) time. 
Not only is the boulder bed later than marine strata of the upper San Pedro, but 
overlying the latter and beneath the former are also fresh-water clays in which 
fresh-water shells and bones of the Pleistocene ground-sloth Mylodon occurred. The 
late Pleistocene series has a dip of approximately 15° to the northeast. The two 
vertebre, No. 881 L. A. Mus. Coll. representing the eleventh and twelfth of the 
thoracic series, show the characteristic pathologic lesion with development of ex- 
cess bone tissue seen frequently in vertebre of the sabre-tooth from Rancho 


1Tieje, A. J., The Pliocene and Pleistocene history of the Baldwin Hills, Los Angeles County, California, Bull. 
Amer. Assoc. Petrol. Geol., vol. 10, pp. 502-512, 1 fig. in text, 1926, 
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La Brea. The specimens doubtless belong to Smilodon and may be referred to the 
species occurring in the asphalt. The vertebrz are not water-worn and could not 
have been transported for any great distance if they occurred in the boulder bed. 
The possibility remains that the specimens occurred originally in the fresh-water 
clays overlying the marine strata of upper San Pedro age and below the boulder 
bed. In either case the occurrence is particularly noteworthy because it indicates 
the presence of a sabre-tooth cat in the Los Angeles region in very late geologic 
time. 


GREAT BASIN PROVINCE 
Malheur County, Oregon.—In recent years field explorations in the vicinity 
of Rome on the Owyhee River in southeastern Oregon has furnished a Pleistocene 
fauna including Equus cf. pacificus, Mylodon harlani, Camelops, and a cat of the 
Felis atrox group. The specimen representing the latter form is a fragment of the 
right ramus, No. 647 Calif. Inst. Coll. Vert. Pale., figure 152. The fragment lacks 
the teeth although the roots of P3 and P4 are in part preserved. 
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PLATE 1 


Smilodon californicus Bovard 
Fig. 1, skull and mandible, No. 2001-1, lateral view; x 1/3. 
Fics. 2 and 3, skull, No. 2001-1. Fic. 2 dorsal view; FIG. 3, ventral view; x 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 2 


Smilodon californicus Bovard 
Figs. 1 and 2, skull, No. 2001-1. Fic. 1, lateral view with portion of zygomatic arch 
removed to show infraorbital region; FIG. 2, posterior view; 1/3. 
Fig. 3, skull and mandible, No. 2001-1, anterior view; x 1/3. 
Fics. 4 and 5, mandible, No. 2002-1. Fic. 4, dorsal view; Fic. 5, lateral view; x 1/38. 
Fig. 6, mandible, No. 2002-R—684, inner view; x 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 3 


Smilodon californicus Bovard 
Smallest and one of the larger skulls of adult individuals, Nos. 2001-148, 2001-225. 
Fics. 1 and 7, ventral views; Fics. 2 and 5, anterior views; Fics. 3 and 6, dorsal 
views; Fics. 4 and 8, lateral views; x 2/9. Los Angeles Museum Collection. 
Rancho La Brea Pleistocene. 
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PLATE 4 


Smilodon californicus Bovard 


Fics. 1-10, series of lower jaws including young and adult individuals showing varia- 
tion in size, Nos. 2002-L—4, R—4, R-68, R-6, R-781, R-10, R-496, R-14, R-16 and 
R-15, incl. All specimens in lateral view; x 1/2. Specimens shown in FIGs. 1 to 
7 possess milk teeth. Permanent dentition shown in Fics. 8 to 10. Los Angeles 
Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 5 


Smilodon californicus Bovard 
Skull, No. 2001-10. Fic. 1, lateral view; Fic. 2, anterior view; Fic. 3, dorsal view; 
Fic. 4, ventral view; x 2/5. The crowns of the permanent canine teeth are ap- 
pearing along the inner sides of the deciduous canines. Los Angeles Museum 
Collection. Rancho La Brea Pleistocene. 
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PLATE 6 


Smilodon californicus Bovard 
Fics. 1, 2, 3 and 4, skull, No. 2001-9. Fic. 1, lateral view; Fic. 2, anterior view; Fic. 3, 
dorsal view; Fic. 4, ventral view; x 2/5. Los Angeles Museum Collection. Rancho 
La Brea Pleistocene. 
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PLATE 7 


Smilodon californicus Bovard 
Skull, No. 2001-7. Fic. 1, lateral view; Fic. 2, anterior view; Fic. 3, dorsal view; 
Fic. 4, ventral view; x 2/5. Note presence of deciduous and permanent canine 
teeth on left side. Los Angeles Museum Collection. Rancho La Brea Pleistocene. 


MERRIAM AND STOCK PLATE 7 


HELIOTYPE CO, BOSTON SMILODON CALIFORNICUS 


PLATE 8 


F Smilodon californicus Bovard 
Skull, No. 2001-8. Fic. 1, lateral view; Fic. 2, anterior view; Fic. 3, dorsal view; 
Fic. 4, ventral view; x 2/5. Note partial emergence of permanent canine teeth. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 9 
Snulodon californicus Bovard 
Skull, No. 2001-6. Fig. 1, lateral view; Fic. 2, anterior view; Fic. 3, dorsal view; 
Fic. 4, ventral veiw; x 2/5. Permanent canine teeth have not fully emerged in 
this specimen. Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 10 


Smilodon californicus Bovard 
Skull, No. 2001-19. Fic. 1, lateral view; Fic. 2, anterior view; Fic. 3, dorsal view; 
Fic. 4, ventral view; < 1/3. Note broken surfaces of canine teeth which were 
worn during life of individual. Los Angeles Museum Collection. Rancho La Brea 
Pleistocene. 
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PLATE 11 


Smilodon floridanus (Leidy) 


Type specimen, skull, No. 4072, Wagner Free Institute of Science Collection. Fic. 1, 
ventral view; Fic. 2, lateral view; x 3/5. Pleistocene, Ocala, Marion Co., Florida. 
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PLATE 12 


Snulodon californicus Bovard 
Fics. 1, 2 and 3, permanent and deciduous canines. Fic. 1, right canine, anterior, 
inner, outer and posterior views with cross-sections; FIG. 2, portion of crown of 
canine with anterior and posterior serrations somewhat magnified; Fic. 3, right 
deciduous canine, same views as in Fic. 1; x 1/2. Los Angeles Museum Collection. 
Rancho La Brea Pleistocene. 
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PLATE 13 


Smilodon californicus Bovard 


Upper and lower teeth. Fics. 1-la, P4, outer and inner views; Fics. 2—2a, P3, inner 
and outer views; Fics. 3-3a, Fias. 4-4a, MI, P4 respectively, outer and inner 
views; Fics. 5—5a, Fics. 6-6a, Fics. 7—7a, I1, 2, 3 respectively, inner and posterior 
views; Fics. 8—8a, lower canine, inner and posterior views; FIGs. 9-9a, Fics. 10—10a, 
Figs. 11-11la, Il, 2, 3 respectively, outer and posterior views; <X 1. Los Angeles 


Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 14 


PLATE 14 
Felis atroxw Leidy 
Figs. 1, 2 and 38, endocranial cast of skull No. 2900-1. Fic. 1, dorsal view; Fic. 2, 
lateral view; Fic. 3, ventral view; x 2/3. 
Smilodon californicus Bovard 
Fias. 4, 5 and 6, endocranial cast of skull No. 2001-199. Fic. 4, dorsal view; Fie. 5, 


lateral view; Fic. 6, ventral view; x 2/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 15 


Smilodon californicus Bovard 


Fic. 1, left ear region of skull cut in transverse sections a, b, c, d. Sections a’, b’, c’ 


Fic. 
Fic. 


viewed from posterior side; section d’ viewed from anterior side; pg.p., post-glenoid 
process; m.p., mastoid process; e.c., eustachian canal; f.r., foramen rotundum; f.o., 
foramen ovale; s.f., stylomastoid foramen; t—-hy., tympanohyal pit; c.c., carotid 
canal; f.l.p., posterior lacerate foramen; c.f., condylar foramen; pa.p., paroccipital 
process; 1.¢c., inner tympanic chamber; s., septum separating outer tympanic cham- 
ber from inner; e.a.m., external auditory meatus; bo., basioccipital; i.a.m., internal 
auditory meatus; fe.r., fenestra rotunda; pet., petrosal; x 3/4. 

2, three views of left incus; x 3. 

3, three views of left malleus; x 3. 

Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 16 


Smilodon californicus Bovard 


Figs. 1 and 2, cervical vertebre, lateral and dorsal views; x 1/3. 
are not all of the same individual. 


These vertebre 


Felis atrox Leidy 


Fics. 3 and 4, cervical vertebre, lateral and dorsal views; x 1/3. Cervicals III-VI 
are of one individual. 


Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 17 


Smilodon californicus Bovard 
Figs. 1, 2 and 38, axis, No. 2039-1. Fic. 1, dorsal view; Fic. 2, posterior view; FIG. 3, 
lateral view; x 1/2. 
Fics. 4, 5, 6 and 7, atlas, No. 2038-5. Fic. 4, dorsal view; Fic. 5, anterior view; FIG. 6, 
posterior view; Fic. 7, ventral view; x 1/2. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 20 


Smilodon californicus Bovard and Felis atrox Leidy 
Figs. 1-7, Smilodon californicus Bovard; Fics. 8-13, Felis atrow Leidy; right ribs. 
Fics. 1, la and FIGs. 8, 8a, first rib; Fics. 2, 9, second rib; Fics. 3-7, Fics. 10-13, 
ribs posterior to the second; x 4/9. Los Angeles Museum Collection. Rancho 
La Brea Pleistocene. 
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PLATE 21 


Smilodon californicus Bovard 
Figs. 1, la, right scapula, No. 2004—R-10, lateral view and view of articulating end; 
S< fei 
Figs. 2, 3, 4 and 5, right humerus, No. 2005-R-6. Fic. 2, inner view; Fic. 3, outer 
view; Fic. 4, posterior view; FIG. 5, proximal, anterior and distal views; x 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 22 


Smilodon californicus Bovard 


Figs. 1, 2 and 3, right ulna, No. 2007-R-6. Fig. 1, radial view; Fic. 2, inner view; 
Fic. 3, anterior view; x 1/3. 

Figs. 4 and 5, right radius, No. 2006-R—-5. Fic. 4, ulnar view; Fic. 5, proximal, outer 
and distal views; x 1/3. 

Fic. 6, right manus, dorsal view; x 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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Smilodon californicus Bovard 

Figs. 1 and 2, right femur, No. 2009—-R-11. Fic. 1, anterior view; Fic. 2, proximal, 
posterior and distal views; x 1/3. 

Figs. 3, 4, 5 and 6, right tibia, No. 2010-R—5. Fila. 3, inner view; Fic. 4, outer view; 
Fic. 5, posterior view; Fic. 6, proximal, anterior and distal views; x 1/3. 

Fig. 7, right patella, No. 2012-R-3, anterior and femoral views, and outline of lateral 
view; X 1/8. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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Smilodon californicus Bovard 
Fics. 1 and 2, pelvis, No. 2008-7. Fic. 1, lateral view; Fic. 2, dorsal view; x 1/3. 
Fia. 3, right pes, dorsal view; x 1/3. 
Fig. 4, right fibula, No. 2011—R-1, outer, anterior and inner views; x 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 26 


Felis atrox Leidy 
Fic. 1, skull and mandible, No. 20049, lateral view; x 1/3. 
Figs. 2 and 3, skull, No. 20049. Fic. 2, dorsal view; Fic. 3, ventral view; x 1/3. 
University of California Collection. Rancho La Brea Pleistocene. 
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PLATE 27 
Felis atrox Leidy 
Figs. 1 and 2, skull, No. 20049. Fic. 1, lateral view with portion of zygomatic arch 
removed to show infraorbital region; Fic. 2, posterior view; x 1/3. 
Fic. 38, skull and mandible, No. 20049, anterior view; x 1/3. 
Figs. 4 and 5, mandible, No. 20049. Fic. 4, dorsal view; Fic. 5, lateral view; x 1/38. 
Fic. 6, mandible, No. 2901—4, inner view; x 1/3. 
No 20049, University of California Collection; No. 2901-4, Los Angeles Collec- 
tion. Rancho La Brea Pleistocene. 
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PLATE 28 
Felis atrow Leidy 
Skull, No. 2900-6. Fic. 1, lateral view; Fic. 2, posterior view; Fic. 3, ventral view; 
Fic. 4, anterior view; Fic. 5, dorsal view; x 1/4. Skulls shown on this and on 


the three plates that follow represent individuals differing in age and sex. Los 
Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 29 


Felis atrox Leidy 
Skull, No. 2900-7. Fic. 1, lateral view; FIG. 2, posterior view; Fic. 3, ventral view; 
Fic. 4, anterior view; Fic. 5, dorsal view; x 1/4. Los Angeles Museum Collection. 
Rancho La Brea Pleistocene. (See note Plate 28.) 
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Felis atrox Leidy 


Skull, No. 2900-9. Fic. 1, lateral view; Fic. 2, posterior view; FIG. 3, ventral view; 
Fig. 4, anterior view; Fic. 5, dorsal view; x 1/4. Los Angeles Museum Collection. 


Rancho La Brea Pleistocene. (See note Plate 28.) 
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Felis atrox Leidy 
Skull, No. 2900-8. Fic. 1, lateral view; Fic. 2, posterior view; Fic. 3, ventral view; 
Fic. 4, anterior view; Fic. 5, dorsal view; « 1/4. Los Angeles Museum Collection. 
Rancho La Brea Pleistocene. (See note Plate 28.) 
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PLATE 32 
Felis atrox Leidy 
Fics. 1-5, series of lower jaws including young and adult individuals showing varia- 
tion in size and shape, Nos. 2901-6, —5, —21, —-8, -22, incl.; all specimens x 1/3. 
Milk teeth present in No. 2901-22. 
Figs. 6—6’, lower canine, inner and posterior views; x 2/3. 
Fics. 7-7’, upper canine, inner and posterior views; X 2/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 33 


Felis atrow Leidy 
Upper and lower teeth. Fics. 1-la, P4, outer and inner views; FIGs. 2-2a, P3, outer 
and inner views; Fics. 3-3a, Fics. 4--4a, Figs. 5—5a, I1, 2, 3 respectively, outer and 
posterior views; Fics. 6—6a, Fics. 7—7a, Fics. 8-8a, M1, P4, P3 respectively, outer 
and inner views; Fics. 9-9a, Fias. 10-10a, Figs. 11—-11a, I1, 2. 3 respectively, inner 
and posterior views; < 1. Los Angeles Museum Collection. Rancho La Brea 
Pleistocene. 
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PLATE 34 


Felis atrow Leidy 
Figs. 1, 2 and 3, axis, No. 2937-7. Fic. 1, dorsal view; Fic. 2, posterior view; Fic. 3, 
lateral view; x 1/2. 
Figs. 4, 5, 6 and 7, atlas, No. 2936-1. Fic. 4, anterior view; Fic. 5, dorsal view; FIG. 
6, ventral view; Fic. 7, posterior view; x 1/2. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 36 


PLATE 36 
Felis atrox Leidy 
Fig. 1, right scapula, No. 2902—R-1, lateral view and view of articulating end; x 1/3. 
Fics. 2, 8, 4 and 5, right humerus, No. 2903—-R-8. Fic. 2, inner view; Fic. 3, outer 
view; Fic. 4, posterior view; FIG. 5, proximal, anterior and distal views; x 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 37 


Felis atroz Leidy 
Figs. 1, 2 and 3, right ulna, No. 2905-R-8. Fic. 1, radial view; Fic. 2, inner view; 
Fic. 3, anterior view; x 1/3. 
Figs. 4 and 5, right radius, No. 2904—R-7. Fic. 4, ulnar view; FIG. 5, proximal, outer 
and distal views; x 1/3. 
Fic. 6, right manus, dorsal view; « 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 38 


Felis atrow Leidy 

Fics. 1 and 2, right femur, No. 2907-R-11. Fic. 1, anterior view; Fic. 2, proximal, 
posterior and distal views; x 1/3. 

Fics. 3, 4, 5 and 6, right tibia, No. 2908-R-10. Fic. 3, inner view; Fic. 4, outer view; 
Fic. 5, posterior view; FIG. 6, proximal, anterior and distal views; x 1/3. 

Fic. 7, right patella, No. 2910—R-1, anterior and femoral views, and outline of lateral 
view; X 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 39 
Felis atrox Leidy 
Fias. 1 and 2, pelvis, No. 2906-1. Fic. 1, lateral view; Fic. 2, dorsal view; x 1/3. 
Fig. 3, right pes, dorsal view; x 1/3. 
Fics. 4a, 4b and 4c, right fibula, No. 2909-R-1. Fic. 4a, outer view; Fic. 4b, inner 
view; Fic. 4c, anterior view; x 1/3. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 41 


Felis bitwminosa, n. sp. 


Holotype, skull, No. X8628. Fic. 1, lateral view of skull and jaw; Fic. 2, dorsal view; 
Fic. 3, ventral view; x 1/2. 
Los Angeles Museum Collection. Rancho La Brea Pleistocene. 
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PLATE 42 


Felis and Lynx 
Fics. 1, 2 and 3, Lynx rufa fischeri Merriam, skull, No. X9489, dorsal, ventral and 
lateral views; x 1/2. 
Fig. 4, Lynx rufa fischeri Merriam, type specimen, ramus of mandible, No. 11283, 
Univ. Calif. Coll., lateral view; x 1/2. 
Fic. 5, Felis cf. bitwminosa n. sp., ramus of mandible, No. X9474, lateral view; x 1/2. 
Fic. 6, Felis daggetti Merriam, type specimen, No. 21572, Univ. Calif. Coll., lateral 
view; X< 1/2. 
Fic. 7, Lynx rufa fischeri Merriam, ramus of mandible, No. X9490, lateral view; x 1/2. 
Fics. 8 and 9, Felis bituminosa n. sp., skull, No. X8629, dorsal and ventral views; x 1/2. 
Los Angeles Museum and University of California Collections. 
Rancho La Brea Pleistocene. 
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